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Preface

The 8th International Conferend® ATER FOR ALL washeld on the 21th and 22Narch 2019n

Osijek, onFaculty of Civil Engineering and Architecture Osijek the occasion ofVorld Water

Day andwith the aim of gathering and exchanging experiences of scientists and experts in the
field of water management, environmental protection and preservation of reatarrcesThe
Conference included plenary lectures, oral lectupester presentations, atige presentations of
sponsoring companies.

8th International Conferenc/ATER FOR ALL was organized by th&osip Juraj Strossmayer
University of Osijek, Faculty of Food Technology Osijekd Faculty of Civil Engineering and
Architecture Osijek Croatian Chamber of Econom@roatian Water VGO, Croatian Chamber of
Health ProfessionalsCroatian Water Pollution Cordl Society, Faculty of Agrobiotechnical
Sciences Osijek, Department of Biolagfithe Josip Juraj Strossmayer University of Ospartment of
Chemistry of the Josip Juraj Strossmayer University of OsgeR,L Y H U V L WRacRlty &b Adfiduliure
and Food Technology University of Mostar, Faculty of Health Studies University of Sarajevo,
Faculty of Food Technology and Biotechnology University of Zagreb, Faculty of Techhbidgysity of
Tuzlg Faculty of Technology and Metallurgy University of Bje Faculty of Health Sciences
University of Ljubljana, 1DW XUH 3D WNUL WS b4iXto® biFnature protection in Osijek
Baranja County, Public Health Institute of the Osljgtanja County,Health Center Osijek
VodovodOsijek d.o.0. ard Alumni Association of former students and friends of the Baafl Food
Technology Osijek TehnOS.

The international c@rganizes of the Conferencevere International Federation of Environmental
Health (IFEH), European Hygienic EngineeringXsign Group (EHEDG) and Danube Parks.

The theme of World Water Day 2019 and &titernatioral Conference WATER FOR ALL was
Water for all tLeaving no one behind

At the 8th International Conference WATER FOR ALL participated 359 authors from 10 countries
(Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Slovenia, Republic of Kosovo, Turkey, Norway,
Mexico and Brazil) with presentation of in total 112 papemfighich of them 41 were presented orally,

and were presented 71 as poster presentation. Abstract of the mentioned papers were published in the Book
of Abstracts of the 8th International Conference WATER FOR A LL.

The Scientific Committee ddth Internatimal Conference WATER FOR ALteceived 35 full papers

for publication and 17 of them became the part of the this Proceedings, while 18 papers were
accepted and publicated in following international scientific journalsctronic Journal of the
Faculty of Gvil Engineering Osijek e-GFOS Croatian Journal of Food Science and Technology,
Technologica ActaThe Holistic Approach to Environmernd Environmental Engineering
,Q&4HQMHUVWYR 2NROLAD

Special contributions to the quality of this Proceedingthefdth International Conference WATER
FOR ALL were given by 49 reviewers, mostly university professors and professionals, from 10
countries and over twenty international universities, faculties and institutions.

On behalf of the Organizing and Scientitommittee of theBth International Conference WATER
FOR ALL we cordially thank all the authors, participants, reviewers and sponsors for their contribution to
the quality of the # International Conference WATER FOR ALL

Chairperson of the Organizing and Scientific Committ
of the Conference

///ém. S’

Mirna Habuda6 WD QLU 3K' $VVRH /R U



Proslovi recenzenatdReviewers prefaces

GRF GU VF 7RPLVODY %RJGDQRYLU

9RGD MH L]YRU 4LYRWD QD =HPOML L PRAGD QDMYDAaQLML NF
bez vode, ona to smo mi. Paipa®Da&a RGQRYVY SUHPD WRM UHODWLYQR MHC
EURMQLP VOXpDMHYLPD EL]DUDQ GD MH SUDYR pXGR NDNR
neizmijenjenim uvjetima.

Hrvatska je po dostupnosti i bogatstvu pitke vode na samome europskonbvinB D QDMYLAaH ]
vode po glavi stanovnika u Europskoj uniji (s prosjekom od 27.330pm stanovniku).
5DVSROD&aH P R3¥bde, 29D & vdeloopskrbe osigurava se iz zaliha podzemnih voda.

9RGD VH JRWRYR NDUL]PDWLPpQR RBEAHOAP XHK LR RIQYDYDM& RV
NUR] VYH GLPHQ]JLMH L aLYRWQH VUHGLQH 6WRJD MH ]QDpDpI
objavljenim radovima te njihovim rezultatima upravo neprocjenjiv.

8 SRQXYyHQRP PR]DLNX WHPD VY DWNRtiMid pR@znzX ¥par 2ods.U R Q
YyLSND UDGRYD NRML VX SULND]DQL X RYRP JERUQLNX MDVQF
X RYLP EUHPHQLWLP YUHPHQLPD WUDAL L QDOD]L RGJRY
SROMRSULYUHGQLK L v¥R& ¥, lgspodhredjalohRdoR.G U & L

6WRJD QLMH VOXpDMQR GD VH XSUDYR X JRGLQL NDGD SO
HQHUJHWLNX L YRGQR JRVSRGDUVWYR VWYRULOD NULWLDC
]JDMHGQLpPNLP SUHG]QBINRPGHRGR REMHGLQLOD VYD ]QDQVW:'
MHGQX ]DMHGQLpPNX SULpX R QMHQRP RSVWDQNX GRN VH F
PRJXUD YRGLOMD X RpXYDQMX ]GUDYOMD QD&H 30DYH SODQ}

BRVHEQR ]JDGRYROMVWYWRDP INDMNRWY XUBG QRLp NMH LBBWMFRH QILMX LP
XUHYyHQMX GRVWDYOMHQLK UXNRSLVD L XSUDYR QD MHGDQ
RELOMHADYDPR NDR PHYyXQDURGQL 'DQ 'XQDYD ELWL VXGLR
motiv - VODA ZA SVE. On nas je objedinio na mitskom mjestu sljubljivanja Dunava i Drave, na
UXEX 3DUND SULURGH .RSDpMWHRMOMFRFOGMBRF NRD SUDYR V
RSVWDQND AaLYRWD QD =HPOML



7TRPLVODY %RJGDQRYLU 3K' DVVLVWDQW SURIHVVRU

Water is the source of life on Earth and, perhaps, the most important chemical compound that
makes this life possible. We are nothing without water, she is us. Yet our relationship to this
relatively simple molecule is so bizarre in many cases that iisrader how we find it on Earth at

all in still-unchanged conditions.

Croatia, as a country, is highly ranked in Europe in terms of availability of drinking water and has
the highest percentage of water supply per capita in the European Union (with sageawvefr
27,330 m per capita). We have 26 billion offrof water, and 9% of water supply is provided from
groundwater reserves.

Water is almost charismatically involved in the hydrography of the verses of our hymn, from the
Danube to the blue Croatian sethrough all dimensions and environments. Therefore, the
importance of the researatesults in the areas of all water issues published in the papers of this
Proceedings is priceless.

In the offered mosaic of themes, each of the authors found their amatatconnection to water.

The lace of the papers presented in this Proceedings clearly directs the way in which the scientific
public in these difficult times seeks and finds answers to the challenges of environmental issues,
agricultural and water resowes, sustainable development, waste management.

Therefore, it is no coincidence that in the year when we systematically direct investments in public
systems, energy and water management, a critical mass of positive scientific considerations with a
commonsign of water was created. It has miraculously united all scientific fields, fields, branches
into one common story of its survival, while a multidisciplinary approach is emerging as the only
possible guide in preserving the health of our Blue Planet.

It was a special pleasure and honor for me to have the opportunity to participate in the editing of
the submitted manuscripts through an editorial review, and to be a participant in the Conference on
such an important date as June 29, which we mark as Irttenah Danube Day united in the aim
WATER FOR ALL. He united us at the mythical place where the Danube and the Drava meet, on

WKH HGJH RI WKH .RSDpNL ULW 1DWXUH 3DUNa i@g@nentaWW K WKH

human right as a pledge of the sival of life on Earth.



SURI GU VF 0OLUMDQD yXUOLQ

3UHJOHGQR L]JOR&HQL ]QDQVWYHQL VWUXpPQL L SUHJOHGQL
UDGRYD V PHyXQDURGQH NRQIHUHQFLMH 92'$ =$ 69( SRG X
Mirne Habuda Stai XYRGH pLWDWHOMD X SRGUXpMH YH]DQR ]D
UDJOLPLWLK SHUVSHNWLYD RGQRVQR UD]JOLPLWLK SRGUXpME

, JORAHQL UDGRYL RPRJIJXUDYDMX pLWDWHOMLPD VWMHFDQM€F
resursa na poljoprivreduR QRYLMLP GRVWLJQXULPD X WHKQRORJLML
otpadnih voda te o zbrinjavanju mulja iz postrojenja za obradu voda. Nadalje kroz prikazane radove
LVWDNQXWD MH YDAQRVW XSUDYOMDQMD YRGDBWPipoMatiks L PF
QDSUHGQLP PHWRGDPD |D RGUHYLYDQMH ILILNDOQR NHPLMYV
PDWHPDWLpPpNR VWDWLVWLpPpNLK PHWRGD ]D EROMH UD]XPLM|
NDR L ]|DGQMD DOL QH PDQMid2d@¥i® D WHPD XWMHFDMD YRG

BULND]DQL a8LURNL UDVSRQ WHPD X RYRP JERUQLNX ELR MF
RGQRVQR XNOMXpLYDQMHP X RYX SUREOHPDWLNX J]QDQVWY'
SULURGQLK WHKQLpNLK ELRWMAHBQXaWILYK Q LKL RPPHGR ¥ WQ V 4 WK
NRQIHUHQFLMD 6YL RQL X VNORSX GYRGQHYQRJ GUXaHQM
GRSULQRY UMHADYDQMX SUREOHPD X SRGUXpMX YRGH =D |
integrirani pristupNRML SUHGVWDYOMD VLQHUJLMX VYLK QDYHGHQL
VSRVREQRVW UD]XPLMHYDQMD SULURGQRJ RNUX3aHQMD Vv
UD]XPLMHYDQMD VDPRJD VHEH L GUXaWYHQLK RGQRWH X N
rukama zbornik radova vidimo da samo interdisciplinarni i integrirani pogled na problematiku voda

PR4H SRQXGLWL RGUALYH PRGHOH UD]J]YRMD NRMLPD GDQDV

NRQIHUHQFLML SUH]J]HQWDFLMRP QW¥YIRK LIWDNRMW YHQUID N WL
GRVWLJQXUD X SRGUXpMX ]DAWLWH YRGD SUR&GLUHQD VX S
RGUALYL UD]YRM 1DGDOMH YDOMD LVWDNQXWL SRVWL]DQM
]JQDQVWYHQLND LKPpMDOILDPDYRYKWEIRSESRMD UH UH]XOWLUDWL
SUREOHPDWLFL SD PRaAHPR UHUL GD RYR QLMH ]DYU&AHWDN Q
YRGL NDR YDAQRP ALYRWQRP JRVSRGDUVNRP GUX3dWYHQRI
moramo SRVYHWL YL&H SR]JRUQRVWL %LOR NDR UHVXUV &LYR
]ODPpDMDQ HOHPHQW X QDadHP VYDNRGQHYQRP ALYRWX QH]
QHUDYQRPMHUQR UDVSRUHYHQ SD MH PQRJLPD QHGRVWXSD

HvDWVND MH MHGQD RG ULMHWNLK GUADYD X VYLMHWX NRM|
SLWNX YRGX 5D]JORJ WRPH OHA&L X ERJDWVWYX +UYDWVNH |
posvetili pozornost u smislu, najprije razumijevanja problgsbaNH YRGD HGXNDFLMH p
R YDAQRVWL RpXYDQMD YRGQLK UHVXUVD QMLKRYH ]DawLV
JERUQLN VYDNDNR pLQH ]DOLKH YRGH PRJOH EL VH RQHpPpLV
visoku cijenurbdHJ QHPDUD 6DPLP WLPH NULODWLFD 392'$ =% 69
SXQL REXMDP L QHND QDP VYLPD EXGH PLVDR YRGLOMD X QI
GD VYRMLP GMHORYDQMHP ]DLVWD GRSULQHYVHP&svipnia viavV R M D
raspolaganju.



OLUMDQD yXUOLQ 3K' IXOO SURIHVVRU

Clearly presented scientific, professional, and review papers by the authors contained in the
proceedings of the International Conference WATER FOR ALL under the editorship of

prof. dr. sc. MirQD +DEXGD 6WDQLUO LQWURGXFHV WKH UHDGHU WR DO
different perspectives or different fields of science.

The presented papers enable readers to gain scientific and professional knowledge about the impact
of water resources oragriculture, recent achievements in the technology of drinking water
treatment and wastewater treatment, and sludge disposal from water treatment plants.
Furthermore, through the presented papers, the importance of water management and water quality
monibring was emphasized. Readers are introduced to advanced methods for determining
physicochemical and biological parameters, the application of advanced mathematical and
statistical methods to better understand the relationship between the observed paxaasetee!!

as the last, but no less important topic, the impact of water on health.

The wide range of topics presented in this proceedings was possible only through an
interdisciplinary approach the involvement of scientists and experts from manysfigidcience:
natural, technical, biotechnical, and biomedical and social sciences, which was encouraged at the
conference. All of them, as part of the tday gathering, each from their own aspect, gave, not a
small, contribution to solving problems inetfiield of water. To understand this issue, we need an
integrated approach that represents the synergy of all these fields of science, which allows us to
understand the natural environment, technical comfort of modern civilization, understanding
ourselvesand the social relations in which we live. Given this, and having a proceedings in our
hands, we see that only an interdisciplinary and integrated view of water issues can offer
sustainable development models that we strive for today. Taking into athesataspects at this
conference, the presentation of new scientific, technological, theoretical, and practical knowledge
and achievements in the field of water protection expanded the existing and acquired new
knowledge necessary for sustainable developmEurthermore, it is worth emphasizing the
exchange of knowledge and experience and cooperation between scientists from different fields of
science that will result in the continuation of our work on this issue, so we can say that this is not
the end buthe beginning of new integrated thinking about water as an important life, economic,
social and technological resource to which we all need to pay more attention together. Whether as a
resource, a necessity of life, or as a part of nature, water is afisigm element in our daily lives,

an irreplaceable resource that is unfortunately still unevenly distributed, making it inaccessible or
difficult for many to access.

Croatia is one of the few countries in the world that uses drinking water for thenfeygeseds of its
population. The reason for this lies in Croatia's wealth of drinking water sources. Despite, as the
conference and proceedings suggest, if we do not pay attention to water in terms of, first
understanding the water problem, educating thdire population about the importance of
conserving water resources, their protection, and smart management, water sources could end up
polluted or dried up, leaving the high debt to the future generations because of our negligence.
Therefore, the motto "ATER FOR ALL" has not yet reached its full scope. It should guided us in
our future scientific and professional work in order tocontribute to the effort to make clean, healthy,
and drinkable water available to all.



SURI GU VF -DVQD &4RawbDULU

2 YDAQWRRGMH. PQRJR MH ]DSLVD L QHXSLWQD MH QMHQD YD&Q
.DNR MH QHWNR UHNDR GD WHN RQGD NDG VH EXQDU RVXA&L
WUHED SRpHWL FLMHQLWL SULMH QR 8WR EXQDU SURVXA&L

.DR aWR VXQHRGRKEH QHYLGOMLYH RNRP D YUOR PRUQH L

VWUXpQMDFL GLVNUHWQL PDUOMLYL L VWUXpPpQL VYRM SR

laboratorijima i institutima i svojim radovima na BiIHYy XQDUR G Q R MVODRAQ@PHSYHQFL M
GDOL ]|1QDpDMDQ GRSULQRV VWUXFL

9HOLNX YDAaQRVW X SRLPDQMX YULMHGQRVWL YRGH LPD HG?>
LIYRU YHU GD WUHEDPR YUOR VDYMHVQR ALYMHWL V QMR
kvalitetne radoveX GRPHQL WHKQROR&NRJ SURpPpLAUDYDQMD YRGH R
vode, geotermalnih voda, primjena u navodnjavanju, sponumadeenergijezdravija.

5DGRYL X JERUQLNX LPDW UH ]QDpDMQX YULMHGQRVW X QH
JRGLQD GR NDGD UH ]JDVLJXUQR WHKQRORJLMD J]QDWQR QD¢
VX VH SUREOHPLPD L-WMMHARQGUQPPD/H;, X VWROMHUH VXVUHW
problemom vode.



-DVQD arRawbuLli 3K' IXOO SURIHVVRU

There are many documents about the unquestionable importance of water for all life forms on
Earth. As someone said, only when the well dries, we do know how much water is worth. Therefore,
water should be appreciated before the well dries.

Just as groundwaternnvisible to the eye, and very powerful and important, so scientists and
experts, discreet, diligent and professional, have done their work invisible to the common man in
laboratories and institutes and their papers presented at the 8th Internationaér€noé WATER

FOR ALL (2019) made a significant contribution to the profession.

Education is of great importance in understanding the value of water, so that everyone understands
that water is not an inexhaustible source, but that we need to live wilnyitcenscientiously. In

this light, the Proceedings of papers provides kagiality works in the field of technological water
purification, flood protection, measurement, water quality, geothermal water, application in
irrigation, waterfood-energyhealthconnection.

The papers in the Proceedings will have significant value in the following period of time (for 10, 20
or 30 years) when technology will certainly advance significantly, when it will be able/possible to
provide insight into what problems andtions are in the 20s XXI. century met by experts dealing
with the problem of water.
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-DV QD !R%ahja Gongetd

19LQNRYDpPNL 9RGRYRG L NDQD O L }Bdle M7R,3&1L0RViRKov¢UHNEXMIL Q D 4
29HOHXPLOLAWH 3/DYRVODY 5X&L p NBROOOXUROXAY, RIN&dHX &AXSDQLM YV
VWUXpQL UI

SDAHWDN

9RGRQRVQLFL QD SRGUXpMX LVWRpPpQH 60DYRQLMH SULSDGTEL
VH QDOD]L FUSLOLAWH A, VWRpPQD 60DYRQLMD3 6LNLUHYFL 8
horizonta Velika Kopanica te analizira krovina pokrovne WODJH X VPLVOX ]DaAWLWH
WH VH SULND]XMX LVWUDALYDQMD SURYHGHQD QD WHPHOMX
VD SRGUXpMD )HGHUDFLMH %RVQH L +HUFHJRYLQH L 5HSXE
PHYX QDMYLALPDWXX A XWRISWNLP SULVWXSRP3 SURFMHQH \
SURWRNROX NRML MH SUHGORAHQ X VNORSX SURMHNWD &26
MH RFMHQD VS H FaddnpsQikh haDiete L eav.W L Y

.OMXpPpQHHXIUMRSMNL HNRORANL VWDQGDUGL RFMHQD VSHFLI
FUSLOL&WH 3, VWRpPpQD 60ODYRQLMD’

Uvod

I9RGRQRVQLFL QD SRGUXpMX LVWRp CHErE Gas)¢ve@ Lifeke L]P
Save na jugu, pripadaju aluvijalnim naslagam& NRMLPD VH QDOD]JL UHJ
A VWRpPpQD 60DYRQLMD?® %ULANL L VXU 5HIJLRQDC
YHOLNRP L]GD&aQR&UX L]X]JHWQRP NDNYRURP L UDGL
XSUDYOMDQMD YRGDRDPODPHQEWDR SRGUXpMH VD VWU
SLWNH YRGH ]D 5SHSXEOLNX +UYDWVNH WH NDSDFLWH
]JD YRGRP QD SRGUXpMX RG UXEQLK GLMHORYD 6ODYF
7RYDUQLND &XSDQMijelna'istek@daWwHb BAD YL *KIQR VWDQR®
$QDOL]H ILILNDOQLK VYRMVWDYD NHPLMWKaRiIdikiL oE D NW
parametrima sukladnosti, metodama analize, monitoringu i planovima sigurnosti vode za
OMXGVNX SRWURaQ Vegistd idra@nih [pkd@ X koyeRopavajM djelatnost javne

vodoopskrbe (NN br. 125/1f)okazuju da su podzemne vode na lokaciji regionalnog

FUSLOLAWD L]X]JHWQR GREUH SULURGQH NDNYRUH D

“jasna@vvk.hr
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]QDpDMNH SRGUXpMDLLYWWURD 3GERPQMLCP BRMWRMW [DaAWLWE
OHYyXWLP JERJ QDJORJ UD]YRMD SROMRSULYUHGQH SUI
LOQWHQILYQLML DQWURSRJHQL SULWLVFL NRML PRJX XWMF
2EJLURP GD VX SUYL UH®DOWDRRDWUWQRPLSRGWXpMX ST
podzemne vode u vodonosnim slojevima, iz kojih se crpi voda za potrebe vodoopskrbe
GREUH NDNYRUH YULMHGQRVWL SRMHGLQLK SRND]DWHO
.RSLU pokazuju postupnu promjenwremendu.

5DQMLYRVW YRGRQRVQLND X QDMALUHP NRQWHNVWX PRA
YRGRQRVQLND RG SRVOMHGLFD DNWLYQRVWL QD SRYU
YRGRQRVQLND QLMH PRJXirHsity] &rd feUélativno, Lidmper@iR LOL
EHIGLPHQ]JLMVNR VYRMVWYR 9UED L =DSRUR]JHF =D.
NUR] RFMHQX UDQMLYRVWL MH SUHSR]QDWD NDR YDaDQ G
6 REJLURP QD SRQDabQMH RGUHYHQH YUVWH iRQHpLAUL
XYMHWLPD UD]JOLNXMH VH SULURGQD L VSHFLILPpQD UDQMW
RVMHWOMLYRVW SRG]JHPQH YRGH QD RQHpLAUHQMD NRM
KLGUROR&NH XYMHWH SURPDWUDQRJ SRGUX[MBTiD QLMH
QDpLX NUHWDQMD RQHpLEUHQMD 6SHFLILpQD LOL LQWH
YRGH QD RQHpLaAUHQMD NRMD XNOMXpXMH JQDpDMNH RQF
RGQRY SUHPD KLGURJHRORANRP VXVWDYKXpQ+D UWO/MWLM RN
YRGRQRVQLND SULPMHQMXMX VH UD]OLpLWH PHWRGH RG
NRQWLQXLUDQR UD]YLMDMX L PRGLILFLUDMX QDVWRMHUL
SRGUXpMD L |IDKWMHYLPD NUD M btjeronNrRrjMosti@tiljsvbog 5 H] X O W
SRGUXpMD SULND]XMX VH NDUWDPD UD]OLpLWLK PMHULOL
SURPDWUDQRJ SURVWRUD 1D NDUWL UDQMLYRVWL VH L]G
REJLURP QD SULURGQ®DL REIAGIMIHONRAB HHPLQ SIRMIHQFLMDOQRP
SRYU&GLQH WHUHQD

8 RYRP UDGX UH VH GHILQLUDWL VSHFLILpQD UDQMLYRVW
A, VWRpPpQD 60 DY Ra&QihddrD hitéalteNd_ashdYuFpikuplienih podataka i analiza
geROR&NLK L KLGURJHROR&GNLK SDUDPHWDUD

=DAWLWD SRG]JHPQLK YRGD VXNODGQR UHJXODWLYL 5HSXE

SRGUXpMH QD NRMHP VH QDOD]L FUSLOLAWH PRUD ELWL
]DIJDYyHQMD L RG GUXJLK XWMHFDMD NR enk Bpfa¢n@dH SRYRO
YRGH LOL QD QMHJRYX L]GDaAaQRVW VXNODGQR V pODQNRP
63/11 130/11; 56/13; 14/14; 46/18).

SUDYLOQLNRP R XYMHWLPD ]D XWYUYLYDQMH JRQD VDQLW
47/13) propisuju se uvj@/L ]1D XWYUYLYDQMH J]RQD VDQLWDUQH ]Daw|l
MDYQX YRGRRSVNUEX PMHUH L RJUDQLpHQMD NRMD VH
GRQRAHQMPDREOWNDLRFRULAWD
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(XURSVNL SDUODPHQW L 9LMH u Hirekiu Europskd RuGijtbQ H X'V
91/676/EEZR ]|DaAWLWL YRGD RG RQHpLAUHQMD NRMD X]JURN.
poznatiju kaolLLWUDWQX GLUHNWLYX ((& NDNR EL VS
nitratima iz mineralnih gnojiva.

2GOXNRP R XWYUYyLYDQMX UDQMLYLK $RE6UXpMD XWHMB
VX UDQMLYD SRGUXpMD QD QLWUDWH WH MH QD LVWL
RG RQHpLAUHQMD QLWUDWLPD L] SROMR S UrbpskbH@GijH 7D
donesen e $NFLMVNL SURJUDP J]DaAWLWH YRGD RG RQHPD
poljoprivrednog porijeklaN.N. br. 15/13). Prema navedenoj Odluci, oko 10 % kopnenog
teritorija RHozngp HQR MH NDR UDQMLYR QD QLWUDWH
1LWUDWQD GLUHNWLYD Q@DIOBREULWRVD SROMRSULYL
hranjivim tvarima, prvenstveno nitratima i fosfatima, no monitoring koji se danas provodi
QH RGUDAaDYD VWYDUQR VWDQMH XWMHFDMD RQHpLA&AUH
.RGHNVLPD GREUH SROMRSUL¥eU th@aqitd riZkU @IN diftzno§ R N X
RQHpLAUHQMD QmdAlridevzlvirelpoliogrRrédd® W L

Materijali i metode

SURVWRU REXKYDUHQ RYLP LVWUDALYDQMHP VH QDOD
Strizivojne na sjeveru i Donjih Andrijevaca na zapadprikazan je na Slici 1. Zbog
NDUDNWHULVWLND SURVWLUDQMD NDSWLUDQLK YRGRC
QD SURVWRU )HGHUDFLMH %RVQH L +HUFHJRYLQH L W
]DSDGX L 2GADND QD MXJX .RSLU

= STRIZIVOINA 7

L ORRAT =
L ANDRWEVCH
R i

SVILAY

¢ T ok

Slikal. S URVWRUQL SRORAaDM SRGUXpMD LVWUDa
Figure 1. Spatial location of the study area
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6 FLOMHP GHILQLUDQMD L LQWHUSUHWDFLMH JHRORA&NLE

SURVWRUD NRULAWHQL VX SRGDFL

X objavljenih i neobjavlj@ L K U D G R Y DK LL YWHVKHALLDN

X hLGURSHGROR&NH NDUWH 5HSXEOLSBpPpHN DWXNH O

X SRVWRMHUH WODV|DI IS\RDGFLXMpMH 5SEERPQUNH +UYDWVNH

X SHGRORANH NDUWH %RVQH L +HUFH-3R YBrag#4,

Derventa2, Vinkovci3 i Vinkovci-4 i Tuzla .RYDpHYLUO L VXU

klimatski atlas Republike f DWVNH =DQLQRYLUO L VXU

X R VUHGQMLP JRGLAQMLP RERULQDPD SUHX]HWL RG 'U:g
i odnose se na razdoblje od 2000. do 2014. godine.

x

Navedeni SRGDFL SULNXSOMHQL VX RG -DYQLK LVSRUXpLWH
YRGRYRGD L NDQDOL]DFLMH G R R 9LQNRYFL +UYDWVNRJ
L NDQDOL]DFLMD 2-'.3 aDPDF L -3 .RPXQDODF G R R 2GacC
2V M M VNH AXSDQLMH L '"UADYQRJ KLGURPHWHRURORANTF
6YL SRGDFL VX REUDYHQL L SULSUHPOMHQL ]D DQDOL]H ¢
SDNHWRP $UF*LV '"HVNWRS WYUWNH (65, .RULAWHQD MH
rezultat dajeY UO R | L Q H linkeJotjElazH @ kao takva najbolje aproksimira prirodno

stanje parametarasDWLP MH *,6 WHKQRORJLMRP SRPRUX DODWD ]
X HNVWGERDIWMID @ $Q RadteV QalcdlRGRMR GUHYHQD DOJHEDUVND U
UHOLMD P D adtgrg Hkgjix pridazuje dubine do razine podzemne vode i debljina
krovinskih naslaga iznad razina podzemnih voda.

=D SURFMHQX SULURGQH L VSHFLILpQH UDQMLYRVWL &aLU
Sikirevci na nitrate i lindan izabraga COP metodaOHWRGD MH UD]JYLMHQD X &S
UD]JGREOMX RG GR JRGLQH QD 6YHXJOSOBZW X X 0D
(2004) L SRWSXQR MH NRQFHSWRP L WHUPLQROIRIWMEBRPXV N
procjene ranjivosti.

Rezultati i rasprava

Prirodna UDQMLYRVW SUHPD ]DNOMXpFLPRNDWRMHNNWDJHEROR
KLGURORANH L KLGURJHROR&NH XYMHWH UD]JPDWUDQRJ S
VDPRJ RQHpLAULYDOD L VFHQDULM RQHPLAGHQMD =D REN
RGUHYHQR RQHpPLAGULYDOR LOL JUXSX RQHpPLAGLYDOD SRI
RFMHQX SULURGQH UDQMLYRVWL SRWUHEQR MH X]JHWL X
XWMHpX QD QMHJRY SULMHQRY KLGURJHRORANL VXVWDY
A(MRSVNL SULVWXS® SURFMHQH VSHFLILPQH UDQMLYRVWI
VNORSX SURMHNWD &267 $FWLRQ VDVWRML VH X
]DGUADYDQMD SRMHGLQRJ RQHpLAUHQMD NRML MH NRPEL
SULURGQH UDQMLYRVWL A(XURSVNL SULVWXS3 SUHGODAH
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JDAWLWQX XORJX NURYLQVNLK QDVODJD 2 XWMHFDM
=D RFMHQX VSHFLILPQH UD QWRWYIRMWILAKKNEIRISFRL SULV

Procjena prirodne ranjivosti COP metodom

Faktor krovinskih naslaga (OOINYDOLWDWLYQR RSLVXMH XWMHFDI
RQHpLAULYDOD NUR] QHVDWXULUDQX JRQX YRGRQRVC
OLWRORANH JU Dy bl (@) HphEanufdide Wakiqr HroyiR<Rih naslaga (O). Kod
SURFMHQH IDNWRUD 2 QD SRGUXpMX LVWUDAaLYDQWN
metodologije. Postupkom kombiniranja podataka dobiven je faktor krovinskih naslaga
&23 PHWRGH SULPLMHWQWRIFQH G BSREQXMM XX YULMHPH
SRG]JHPQLK YRGD ,] WRpPpNDVWD SRGDWND V LVWUL
VPMHEAWHQLK QD SRGUXpMX LVWUDALYDQMD GRELYHC
oborina i niske razine podzemnihRvGD L SRGDFL R KL GWsBkDRaZiNL P X
podzemnih voda.

Faktor koncentracije toka (C)SUHGVWDYOMD NRQFHQWUDFLMX S
RPRIJXUXMH LJUDYQX LQILOWUDFLMX RERULQD L]JEMHJII
QMLKRY X JIXEMWIEWRPX .RG SURFMHQH IDNWRUD & ]D LVW
NRULAWHQ VFHQDULM EXGXUL QD SRGUXpPpMX LVWUD:
YRGH V SRYUGLQH WHUHQD X SRG]JHPOMH QLWL RNUA&
izUDGX NDUWH IDNWRUD NRQFHQWUDFLMH WRND & LVI
QDJLED WHUHQD L SULVXWQH YHIJHWDFLMH %XGXUL G
SRGUXpMH VSDGD X NDWHJRULMX QDJLED PDQMHJ RG
Faktorom oborina (P) LJUD¥YD VH VSRVREQRVW YRGH GD SUF
QHVDWXULUDQX ]JRQX GR YRG QRidnténkifeDobarROD(Psl. /B RE R
RELOMHAMD NRMD RGUHYyXMX NROLPLQX LQILOWEOFLMI
RGUHYXMH SOMINRROURVUPHPRERULQD X YODAQRM JRGL!
SRGIDNWRU MH YUHPHQVND UDVSRGMHOD RERULQD NL
JRGLAQMD NROLpPpLQD RERULQD SRGMHOL V EURMHP N
faktora P dobivea je zbrajanjem ova dva podfaktora. Ranjivost vodonosnika COP
PHWRGRP VH SULND]XMH QD NDUWL L UD]JOLNXMX VH
rasponima ukupnog COP indeksa vrlo niske do vrlo visoke.

1D LVWUDALYDQRP SRGU X [pbjexe SBitddhe® 2anjivosii Xnetdd@ACIOPD S
aWR MH YLGOMLYR QD NDUWDPD UDQMLYRVWL |DAWLW
je svakako posljedica velike debljine slabopropusnih slojeva iznad razine podzemne vode
(Slika2i3) .RSLU
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Slika 2. Karta prirodne ranjivosti vodonosnika za vrijeme niskih voda
Figure 2. Map of the natural vulnerability of aquifers during low waters

Slika 3. Karta prirodne ranjivosti vodonosnika za vrijeme visokih voda
Figure 3. Map of the natural vulnerabilitgf aquifers during high waters

6SHFLILPpQL IDNWRU 6 ]|D RQHpLAUHQMH RG QLWUDWD L OLC

2VQRYD ]D SURFMHQX VSHFLILPQH UDQMLYRVWL MH RFMHC
kojoj se dodaje faktoB +V SHF lfaktgn BISHFLILpQL IDNWRU SUHGVWDYOM
PRJXiUL NDSDFLWHW NRML H GRYHVWL GR VQLA&HQMD RQ}l
LJUDpXQDYDQMX IDNWRUD QDVODJD L IDNWRUD RQHpLAU
potrebno uzeti u obzit VSHFLILPQH SURFHWD QDY D OH RERIYDR RIY |
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Lindan je registriran kao insekticid 1940. godine i spada u skupinu spojeva koji su vrlo
SRVWRMDQL X SULURGL L SUHGVWDYOMD ]QDpDMQX
Stockhomskom RQYHQFLMRP L] JRGLQH ]DEUDQMHQ MH
JHPOMH D UHJLVWULUDQ MH X JHPDOMD X FLMHORM

JRGLQH ,DNR SRGUXpMH LVWUDALYDQMD QLMH I
obziromra 2GOXNX R XWYUVYLYDQMX UDQMLYLK (NNR®BUXpMI
130/22)UDGL VH R SRGUXpMX NRMH VH QDMYHULP GMHORI
QDMpHaUL DQWURSRJHQL L]JYRUL RQHpPLAUHQMD X SRC
podzemne vode dospjeli poljoprivrednim aktivnostimaD NL U L V Xlstjecanje iz
SHSWLpNLK MDPD QHL]JJUDYHQL L QHRGJRYDUDMXUH L]
GHSR]JLFLMD L SULPMHQD RUJDQVNLK JQRMLYD GRSULC
SRYH]DQLP V WLP(WRidhp Lértidd QAADIBEadnjom sustava oddnje te
QDpHOLPD GREUH SROMRSULYUHGQH SUDNVH SRNXAaDY
QLWUDWLPD L] LQWHQ]JLYQH SROMRSULYUHGH 3ULPMH
NRMH GLR LVWUDALYDQRJ SRGUXpMD ©QDMUDQMLYLMH >
6SHFLILPQD UDQMLYRVW VH RGUHYXMH X d@a8HVW NRUDN
SRWHQFLMDOQLK SURFHVD NRML XWMHpX QD ]DGUADYI
]JRQL 7DNRYyHU WUHED QDSRPHQXWL GD vodHzaRskFaMdH Q D
SRMHGLQR RQHpLaAULYDOR 6XPDUQL HIHNWLYQL LQGF
SURFMHQH VSHFLILPQH UDQMLYRVWL &267 SUHC
RQHpLAULYDOD PHYXVREQR XVNODVHQH ]D SRMj#Bd QH ¢
procese za koje ne postoje fizikelMdHPLMVNH J]QDpPDMNH LOL ]QDpI
SRGORJH JXEL VH XWMHFDM L RVWDQX VDPR RQL SUR
naslaga. HILQLUDQLP NRUDFLPD GRELYHQ N\MRRMVYV PHQ R UNLMXS]
SURFHVLPD DGVRUSFLMH QD pHVWLFDPD JOLQH L RUJD
VH |[DGUADYDMX ]JERJ SURFHVD UHGXNFLMH X QLWULW
SRGUXpMX SULVXWQL UHGXNW LNt@ia j& dddted WelikUtjlecjG H N V
pojedinih procesa se sumirdjliablica J.

Tablical. RQDpQL UH]XOWDWL L]UDpXQD VSHFLILPQRJ IDNWRUD 6 ]
Table 1.Final results of calculation of specific factor S for individuallutants by types of deposits

Lindan Nitrati
Lindane Nitrates
Slabo propusne naslage/ 0,875 1
Poorly permeable layers
Dobro propusne naslage/ 0 1
Wellpermeable layers

,QGHNV VSHFLILPQRJ |IDGUADYDQMD X QHNRM WRpPNL V
SRMHGLQLK VORMHYD L PRUD ELWL SR]JLWLYQD YULMH(
]JDAWLWH YRGRQRVQLND RG RQHpPLAUHQMWMDpQRI NGWAD V



8th Internatioral Conference WATER FOR ALL
21- 22 March 2019

Zbornik radova / Proceedings
Poljoprivreda i vodni resursi / Agriculture and Water Resources

]D SRMHGLQH VORMHYH SR GXELQL .UDMQML UH]XOWDW N\
WRpNL SURPDWUDQRJ SRGUXpMD L LVWL SUHGVWDYOMD
ranjivosti vodonosnika. Na kraju se faktor S prikazuje ppinX NDUWH NRMD SUHC(
SURVWRUQX UDVSRGMHOX LQGHNVD VSHFLILPQRJ ]DGL
Slikama4i5 .RSL

lzSlika4i5YLGOMLYR MH GD SRVWRML VWDQRYLWD UD]JOLND
lindana i nitrata. Naime, dobJ]OLNH MH GR&4OR MHU VH QLWUDWL SRGM
propusnim i u slabo propusnim naslagama, dok se lindan u dobro propusnim naslagama ne
]DGUADYD D X VODER SUBSDYDRLPHAWROWIDEDMID®RG QLWU

A

LINDAN - SPECIFIENO ZADRZAVANJE
- sko [ sreonz [77] visoxo Il VRLO VISOKO.

Slika4. , QGHNV VSHFLILpPQRJ ]JDGU&ADYDQMD OLQGDQD
Figure 4. Index of specific lindane retention

Slika5. ,QGHNV VSHFLILpQRJ |DGUADYDQMD QLWUDWI
Figure 5. Index of specific nitrate retention
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.DUWD VSHFLILPQRJ ]D G S8kR ¥ D & MddbiRiGaHdijéi pd@Qeviudim

QDpPLQRP V YULMHGQRVWLPD VSHFLILPQRJ IDNWRUD 6
SRVWXSNX VH JEUDMD V YULMHGQRVWL IDNWRUD 2 L]
YRGRQRVQLND SULPMHQRP &23HFHM/RGH IDBPWRDMGAG P
]JDAWLWQRM XOR]L SRNURYQLK QDVODJD MHU RPRJXiD
QHJR 3WR RQR GRVSLMH GR SRG]HPQH YRGH 1DNRQ
QDVODJD X SURFMHQX V Hoijsh@i X inetddidprit@neisRjdsti 8pal. 3
L]JUD] ]D L]JUDpXQ VSHFLILPQH UDQMLYRVWL SR &23 PHW

C*(O+S)*P=CORsHFLILPOR (1)

8 VOXpDMX &LUHJ SRGUXpMD UHJLRQDOQRJ FUSLOLA!
prociienjena COP mM&/ RGRP MH YHi LJUDJLWR QLVND WDNR GE

]DGUADYDQMD QHGRYROMQR L]JUDAHQ .DUWD VSHFLIL
lindanom prikazane su rélikama5i6 .RSLU

Slika5. . DUWD VSHFLILp Q Hstika amrijerre Vistkih Yora@r&iQ R
Figure 5. Map of specific aquifer vulnerability during high watgitrates

Slika6. . DUWD VSHFLILPpQH UDQMLYRVWL YRIBRORVQLND ]D
Figure 6. Map of specific aquifer vulnerability durifggh watetlindane
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Slike5i6 XND]XMX QD GRVWD GREUR SUHNODSDQMH UD]LQD V
QLWUDWH L OLQGDQ LDNR VX SRVWRMDOH UD]JOLNH X L]
MHGQR L GUXJR VSRPHQXWR R Qftinkdija (pokf@v@RnaslaDed. PH ] D
SURFLMHQMHQD X SULURGQRM UDQMLYRVWL SRQLaAwWLOD
LVWRYMHWQR SURPDWUDWL ODQMH UD]JOLNH NRMH VH LSI
ranjivosti posljedica su raspodjele dobroprof QLK QDVODJD QD SRGUXpMX LV

=DNOMXpFL

3ULPMHQRP &23 PHWRGH L]YUZHQD MH SURFMHQD SU
SUHNRJUDQLPQRJ YRGRQRVQLND QD UHJEBKBWOWQIRP FUSLC
UH]XOWDWD MH YLGOMLYR GD MH JODYQLQD SRGUXpMD LV
UDQMLYRVWL QD RQHpPLAZUHQMH OLQGDQRP L QLWUDWLPD
QLWUDWH L OLQGDQ QDOD]L VHLWOWUDAUHEDOMNDH PX CBLUMRI/ O\
UDJLQH SRG]JHPQH YRGH X YULMHPH YLVRNLK YRGD QDME
]JRQH QDMPDQMD -HGLQR MH SRGUXpMH ULMHNH 6DYH RND
QD RQHpPLAUHQMD QLWUDWLPD]XPOMQGRQRIMHUAWIR WDHIGL F
YRGRWRNX NRML SULKUDQMXMH RNROQR SRGUXpMH aLU]
6ODYRQLMH® QDOD]L VH MHGQLP GLMHORP X NDWHJRULML
NDWHJRULML QLV N Hetjen@ Mitaté RINMdEn pi@rba GUPHetodiiukazuje da

MH SRG]JHPQD YRGD WRJ YRG R FILHSQLD RGN D SRPIHRGMLK RROEU
=DAWLWD YRGRQRVQLND RGQRVQR L]YRUL&ZWD NUR] RFM
NDR YD&DQ GLRIRRAWLWRE BRGFHSXEOLFL +UYDWVNRM .DL
UDQMLYRVWL SRWUHEQR MH NRULVWLWL NRG GHILQLUDQ
GRQRAHQMD RGOXND X RNYLUX SURVWRUQRJ SODQLUDQ
LVWUDAGYRQMDRLLNDR PDQMH UDQMLYL QDPMHQL ]D GDOM
XYD&DYDQMH RSULK PMHUD ]DAWLWH
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EVALUATION OF SPECIFIC VULNERABILITY OF THE AQUIFERS ON
NITRATES AND LINDANE IN THE REGIONAL AREA OF THE
REGIONAL WELL FIELD "EASTERN SLAVONIA" ACCORDING TO
EUROPEAN ECOLOGICAL STANDARDS

UDC: 628.14 : 004.057.2 EU
628.14 :502. 14

-DV QD !RsanjaiGongetd

19LQNRYDpPNL 9RGRYRG,, LUNDD @ WQ DB EIBMIR, BR160 VinkovceGroatia
24ROOHJH RI $SSOLHG 6FLHQFHYV /DAMRSODRYMS/MNED PND LQ 99XNN\RR
Croatia

professional paper

Summary

Aquifers in the area of eastern Slavonia belong to the alluvial depbsits river Bosna, where the
"Eastern Slavonia" well field Sikirevci is based. This paper defines the geographic surface of the
aquifer Velika Kopanica and analyzes the roof covering of groundwater in terms of groundwater
protection and presents reseaschenducted on the basis of field recognification and data collected
from the territory of the Federation of Bosnia and Herzegovina and the Republic of Croatia.
European ecological standards are among the highest in the world so the "European approach” is
being used to assessing specific vulnerability and the protocol proposed under the COST Action 620
project and using the COP method to assess the specific vulnerability of the aquifers on Nitrate and
Lindane. Finally, the paper presents the results oéxpéoration of groundwater flowing on the hail

of the inflow area and compares the percentage of iron, manganese, natural ammonia and arsenic
values in drinking water supply according to European legal regulation.

Keywords: European ecological standardsyaluation of specific vulnerability of the aquifer,
UHJLRQDO ZHOO ILHOG 3(DVWHUQ 60DYRQLD"
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ARSENIC CONTAMINATION OF SEAWATER AND FISH FROM BAR
REGION (MONTENEGRO)

UDC:551.463 : 543.3(497.16 Bar)

TanjaKragulj® *RULFD ¢XNRMILY O DY HOHKNVDQIGUD 3HWL
DuaDQ 0D UL3Q BRWLRIQ .RQVWDLNWRIODPRYX YD p D

1$JULFXOWXUDO 9RFDWLRQDO 6FKRRO %MHOLA&AL EE % D U
2Institute of Public Health of Belgrade, Bulevar despota Stefana 54A, Belgrade, Serbia
SUniversity of Novi® G )DFXOW\ Rl $JULFXOWXUH 'RVLWHMD 2EUDGR
4University Business Academy, Faculty of Economics and Engineering Management, Novi Sad, Serbia
original scientific paper
Summary

Arsenic (As) and inorganic arsenic compounds have been classified by the International Agency for
Research on Cancer (JARC) as carcinogenic to humans (Group 1), because of the increased cance
incidences at certain sites in people exposed to arsenickatemeironment or through the diet. Arsenic is
widely distributed in nature and commonly associated with the mines and ores such as lead, copper an
gold. Elemental arsenic occurs rarely, therefore it is usually found in four oxidation stati#; As(0),

As(lll), and As(V). In natural waters, arsenic is frequently found in an inorganic form as oxyanions of
trivalent arsenite or pentavalent arsenate. The average arsenic concentrations in the open seawater &
typically around 1.5 mg/L and usually shéttle variation. However, the concentrations are variable in the
coastal seawater, as they are conditioned by the river inputs, salinity or redox gradients. The water was
sampled twice a year at three localities, on two depths. The fish were colleatdtidrdaily catch of the

local fisherman by the random principal choice. The presence of arsenic in water samples and fish muscle
tissue was detected applying Atomic Absorption Spectroscopy (HBAS) by the Thermo electron S2

AA System. Arsenic was belotlie limit of detection only once during the study, at locality Sutomore, in
January, from the water sampled in the open seawater. The highest arsenic concentration was obtained
WKH ZDWHU VDPSOHG LQ WKH VDPH SHU TlR@resEnca\bf Bréni® Ra3 X M L
detected in all eight prospected fish species. The highest concentrations and above maximum allowec
concentrations were obtained in muscle tissue of two skate spegj@snontagu{3.05 mg/kg) andr.

miraletus (2.47 mg/kg). Rgarding the proven risk of arsenic on human health and the environmental
conditions, continuous monitoring of water, sediment and fish should be implemented in order to assess
arsenic concentrations and if possible, reduce its sources in seawater.

Keywods: arsenic, marine water, sediment, contamination, Montenegro
Introduction
International Agency for Research on Cancer (IARC) classified arsenic (As) and the

inorganic arsenic compounds as human carcinogens (Group 1) according to the combinec
results of the epidemiological studies, carcinogenicity studies on experimental aagnals,

“petra@polj.uns.ac.rs
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well as the data regarding the chemical characteristics, metabolism and modes of
carcinogenic actions. IARC has also highlighted the increased cancer incidences at certain
localities in people exposed to the arsenic at work, in the environment oghhttoel diet
(ATSDR, 2007).

Arsenic is a naturally occuring elementyidely distributed in nature and commonly
associated with the mines and ores such as lead, copper and gold. Elamsentebccurs

rarely, therefore it is usually found in four oxidati@bates: As{ll), As(0), As(lll) and

As(V). Generally,it is combined with other elements, such as oxygen, chlorine and sulfur.
Inorganic arsenic compunds, such as arsenic trioxide, sodium arsenite and arsenic
trichloride are the most common trivalent quands, and arsenic pentoxide, arsenic acid
and arsenates (lead arsenate and calcium arsenate) are the most common pentavalent
compounds. Common organic arsenic compounds are arsanilic acid, methylarsonic acid,
dimethylarsinic acid (cacodylic acidhd arenibetaine (EFSA, 2014).

About 90% of the total produced arsenic has been used as a wood preservative medium
copper chromated arsenate (CCA), where the treated wood is resistant to rotting and decay.
In the last century the inorganic arsenic and its ammps were predominantly used in
agriculture as pesticides, especially for cotton and in orcHABSDR, 2007) Although

its use was banned, organic arsenic compounds, such as cacodylic acid, disodium
methylarsenate (DSMA) and monosodium methylarsenatSMR), are still used as
pesticides in cotton production and golf field maintenance in United States of America
(ATSDR, 2007) The use of organic arsenic compunds was frequent in livestock
production, as additives in animal fe¢dTSDR, 2007) In order to &érm the metal
mixtures or alloys witltheimproved properties, low levels of elemental arsem&added

to other metals. Nevertheless, today, treaggst use of arsenic is in leadid batteries for
automobiles and in semiconductors and hgimitting dodes(ATSDR, 2007)

Since it is a natural elemerdarsenicmay enter the air, water and soil from wibldwn

dust, runoff and leaching. Tharsenicis usually released ithe atmospherehrough
volcanic eruptions, mining and smelting copper and lead and frordiceghiplants and
incinerators. Once released, arsenic changeforitns by reactions with other moleculs
present in the air, soil or water. The most of the arsenic compounds are soluater, so

it easily gets into the lakes, rivers, oceans, underground waters, rain and snow. Ultimately,
most arsenic ends up in the water sedimenhatural watersarsenicis frequently found

in aninorganic form as oxyanions of trivalent arsenitg@pentavalent arsenate. The average
arsenicconcentrations in the open seawater are typically around 1.5 mg/L and usually
show little variation(Smedley and Kinniburgh, 2001However, the concentrations are
variable in the coastal seawater, as they arelitoned by the river inputssalinity or

redox gradients.

The main source adrsenidntake for human is tiough the diet and very small percentage
throughthe air and drinking water. The predominant dietary sourcarsénicis seafood,

rice and rice aeals, mushrooms and poul{iZFSA,2014) Although the seafood contains

the greatest amount afseni¢ in fish and shelfish itan befoundin anorganic form of
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arsenobetaine, which is less harmful. The inorganic and more harmful foarseafcare

uswally found in seaweedAlthough high heavy metal concentrations may exist in the
water, it does not necessary comprise direct toxicological risk to fish, especially in the
absence of significant bioaccumulatigiina et al., 2012) Nevertheless, certaiish and
shellfish species, even in low heavy metal concentrations exhibit toxic effects, because of
the bioaccumulation and magnification in their bodies. Thus, heavy metal pollution
representa seriousoncerrnto human health.

The aim of this research was to obtain data on arsenic contamination in water and fish
from the Bar coastal region.

Materials and methods

The water and fish were sampled twice during 2018 (August and January) at three localities in
the Bar region: Volujca, Bar harbour and Sutomore. The water samples were collected with a
Friedinger sampler (1L) from two depths of the water column and two points regarding the
distance tacoast. The water was stored in the polyethylene bottles and preserved with nitric
acd (1:1). The fish were collected from the daily catch of the local fisherman by the random
principal choice. Duringthe research period, eight fish species were colleckédtius
surmuletusLinnaeus, 1758 (surmullet or striped red mull&yja montagui(Fowler, 1910)
(spotted ray) antlophius budegass@pinola, 1807 (blackbellied angler) from Voluji&glea
solea(Linnaeus, 1758) (common sol&jugil cephalud.innaeus, 1758 (flathead grey mullet)

and Raja miraletusLinnaeus, 1758 (brown ray) from Bar hawp; Pagellus erythrinus
(Linnaeus, 1758) (common pandoraJrachurus mediterraneuqSteindachner, 1868)
(Mediterranean horse mackerel) &dmiraletusrom Sutomore.

The water and fish samples were preparedafsenictesting according to Rice et al.
(2012). Thearseniccontamination was tested using Atomic Absorption Spectroscopy
(AAS) by the Thermo electron S2 AA System. The standard metal solution (stock solution,
1000 mg/L) was made by dissolving 1 g of metal or its salt (calculated on 1 g of imetal)
hydrochloric acid (1:1). Diluting the stock solution (with water), a series of lower
concentratioaof metal were prepared.

Results anddiscussion

The highest arsenic concentration was obtained in the water sample from,J20iL&iy the

open VHDZDWHU DW 9ROXMLFD ORFDOLW\ —J / 7KFE
expected in the coastal water samples, due to the industrial and communal wastewater impac
and drained water from the surrounding arable lands (Kragulj, 2018). Arsenieloasthe

limit of detection only once during the study, at locality Sutomore, also in Ja204&/ from

the water sampled in the open seawai¢re arsenic contamination of water samples is
presented in Table 1. The concentratiorsrsénidn fish musée tissue are shown in Table 2.
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Table 1.Arsenic contamination of water samples

August January
Water Water Water Water
Locality Depth samples Depth | samples | Depth samples Depth samples
(m) J / (m) J / (m) J / (m) J /
Coastal area Opensea Coastal areg Open sea
Volujica 0.5 1.23 5.0 2.18 0.5 2.29 5.0 3.43
3.0 0.07 10.0 0.45 3.0 1.13 10.0 0.81
Bar 0.5 2.15 5.0 2.75 0.5 3.14 5.0 3.21

harbour 3.0 1.94 10.0 0.44 3.0 2.95 10.0 1.14

Sutomore 0.5 0.30 5.0 0.70 0.5 1.70 5.0 -

3.0 0.45 10.0 1.87 3.0 2.18 10.0 1.34

Table 2. Arsenic concentrations in sampled fish

Average
Species coggtee ncttre"ﬁ';’sn of Diet* Feeding habit*
(mg/kg)
zoobenthos, demersal
Mullus surmuletus 2.07 detritus, hunting macrofauna
zooplankton (predator)
demersal:

Volujica Rajamontagui 3.05 zoobenthos hunting macrofauna
(predator)
bathydemersal:

Lophius budegassa 2.13 nekton hunting macrofauna
(predator)
demersal
Solea solea 0.09 zoobenthos hunting macrofauna
(predator)
zooplankton, benthopelagicvariable
Bar harbour | Mugil cephalus 0.03 zoobenthos,
detritus, plants
demersal
Raja miraletus 2.26 zoobenthos hunting macrofauna
(predator)
zoobenthos, benthopelagic: hunting
Pagellus erythrinus 0.15 zooplankton, macrofaungpredator)
nekton
_ zooplankton pelagic-oceanic:
Sutomore Trachurus mediterraneus 1.20 ' hunting macrofauna
nekton
(predator)
demersal:
Raja miraletus 2.47 zoobenthos hunting macrofauna
(predator)

“according tovww.fishbase.in
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According to SCOOP (Scientific Cooperation on Questions relating to Food, 2004), the total
arsenic concentrations in most foods other than fish, seafood and rice were in the low range o
0.0005 to 0.020 mg/kg; exceptions were dry tea and coffee powdgt (Adtkg), salt and spices
(0.0970.219 mg/kg) and food supplements such as algae preparatid@s ni@/kg) (all
expressed on a dry mass basis). The same source showed that the average total arser
concentrations in a mix of marine and freshwater fishather seafood ranged from 0.100 to
1.8 mg/kg. According t&FSA (2014), humans may be exposed to organic arsenicals (mainly
arsenic acid methyl and phenyl derivates) that are used in agriculture and to argamic
usually found in fish, shellfish arsttaweed (arsenobetaine and arsenocholine).
The highestarsenic concentrations were obtained in muscle tissue of two skate species,
R. montagu(3.05 mg/kg) andR. miraletug2.47 mg/kg).These specieme small skates, one of
the most abundant and widespread species found in the shallow shelf seas and inshore wate
of the Mediterranean Sea. Juveniles can be found closer to shore on sandy sediments, whil
adults are common further offshore on sand araise sandravel substrates. Juveniles feed
on small crustaceans and adults on larger crustaceans and fish (Ellis et al., 2007). According tc
Smale et al. (2009), the small adult sizeRofmontaguiand R. miraletussuggests that these
species have a réilely short generation time and a high capacity to replace numbers lost to
exploitation and predation. Edmonds and Francesconi (1981) and De Clerck et al. (1990) found
a positive correlation betweearsenic concentrations and fish size, althouginsenic
bioaccumulation in the function of a fish size is still under discussion.
The higharsenicconcentrations ifRaja species are conditioned by their place in the food
chain, as well as their preference to live at the sea bottom, closely to the sedinienis
also contaminated. The obtained results are in accordance with Alina et al. (2012), who
have also found the higheatsenicconcentrations in lontpiled butterfly ray Gymnura
poeciluraShaw, 1804) among twelve prospected fish species (6g2kQ).
According to EFSA (2014), the highest concentrations of the total arsenic were found in shrimp
(Pandalus borealls with a concentration range from 13 to 96 mg/kg, while high
concentrations were also observed for Atlantic €sadus morhugfrom 0.5 to 52ng/kg, and
haddock Kelanogrammus aeglefinugrom 3 to 23 mg/kg. According to Julshamn et al.
(2004), Norwegian fish showed arsenic concentrations in individual specimens of less than
approximately 5 mg/kg. The percentage of inorganic arsenic to tataiicans fish fillets for
about 20 species caught in the open sea off the Norwegian coast was 0.1% (except for tuna fis
which was about 9%), and for blue mussels the percentage was on average 1%. Sirot et a
(2009) have found the highest total arsenicceatrations of 12 to 34 mg/kg in bottom
dwelling fish species, with the highest concentrations of inorganic arsenic varying from 0.068
to 0.073 mg/kg irthe French coastal region. The study frdme Slovak Republic reported a
mean value of total arsenic 6277 mg/kg in fish and fish products, with a range of

PJ NJDQG PJ NJ IRU GLITHUHQW FDWHJRULHV 3|
De Gieter et al. (2002) highlighted that fish accumudaisenicpredominantly via diet, but
in contrast to mawury, arsenicdoes notseem to biomagnify in their bodies. According to
Mason et al. (2000) thereene no detected differences in the arsenic levels in different
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species of fish regarding food source (herbivorous, insectivorous, and carnivorous species),
while great differences in arsenic concentration were reported in fillets of oily (i.e. herring)
and lean fish (i.e. cod).

Bioaccumulation of a certain chemical refers to the net accumulation by aquatic organisms as a
result of an uptake from all environntahsources, such as water, food and sediment, whereas
bioconcentration refers to the uptake through the water only. The arsenic derivates that tend to
DFFXPXODWH LQ ILVK DQG VKHOOILVK DOVR UHIHUUHG
arsenocholine), hav been found to be essentially nontoxic (Yamauchi et al., 1986;
Brown et al., 1990). Schoof et al. (1999) calculated that inorganic arsenic in seafood sampled
from the market ranged from <0.001 to 0.008/kg Nevertheless, Meacher et 002)
concludedthat the arsenic intake from the air and soil is usually much lower than from food
and water. According to Williams et al. (2006), arsenic bioaccumulation in the aquatic
ecosystems is dependent on environmental conditions, species diversity and tictplass,

status within the food chain anthe uptake route. In aquatic food chains arsenic
bioaccumulation does not appear to be significant (Mason et al., 2000; Williams et al., 2006).
Arsenic bioconcentration primarily occurs in algae, aquatic inveresbeatd lower members

of an aquatic food chain. Usually, bottdeeding and dwelling fish are exposed to the greater
quantities of different metals including arsenic, as well as other pollutants and contaminants.
Conversely, Mason et al. (2000) highlighthdt regardless all the factors that affect arsenic
bioaccumulation, no evidence of biomagnification was found, since arsenic concentrations in
organisms tended to decrease witlincreasing tropic level.

Conclusion

Due to the protein composition andyhiconcentrations of essential fatty acids, such as
docosahexaenoic acid (ome@afatty acid), fish meat has a great potential in
cardiovascular disease prevention, obesity control and brain development and functions.
On the other hand, fish majJso contan toxic and heavy metals that can induce serious
disorders in human metabolism, poisoning and disease occurRegarding the proven

risk of arsenic on human health and the environmental conditions, continuous monitoring
of water, sediment and fish sHdube implemented in order to assearsenic
concentrations and if possible, reduasdurces in seawater.
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$QDOL]RP MH REXKYDUHQR KD SROMRSULYUHGQLK SRYU
SRGLMHOMHQH X IXQNFLRQDOQLK FMHOLQD 3RWUHEQH NR(
VXaQRM JRGLQL LJQRWMHRELPRLQDPRYRP SURVWRUX VX NDR PF
VOLYRYL /LPNRJ SODWRD L VOLY ULMHNH =UPDQMH 3UL ELOD(
VYLK ANRULVQLND?3® X VOLYX L WR SUHPD SULRhBotfiavenje@ D HI
$QDOL]D PRIXUQRVWL |DKYDUDQMD YRGH |D QDYRGQMDYDQMH
SODQLUDQLK YLAHQDPMHQVNLK KLGURWHKQLPpNLK VXVWDYD +
MH LIRVWDYOMHQ X danthRuditdkad/bde kdjLse] j[Bvijaju h@iyndnoj dionici. Proizvodni
SRWHQFLMDO +( (UYHQLN X SURVMHpPQRM JRGLQL L]QRVL *
pregradni profil HE Ervenik pozicioniran najuzvodnije te je visinski povoljniji u odnosavadnjavane
SRYU&SLQH D ]D aWR MH LVND]DQR NUR] XWUR&DN HQHUJLMH
GWh manje u odnosu na vlastitu proizvodnju. Pregradni profil HE Zrmanja je visinski nepovoljniji u
RGQRVX QD QDYRGQMBY D k6 RREROWUE LYW LM HNUR ®ILPpLQD YRGH
HOHNWULpQH HQHUJLMH aWR SUHPD&XMH QMHQX SURVMHpPC
LOQYHVWLFLMVNL WURANRYL SUYH RSFLMH L]JQRVLOL EL PL
km* GLVWULEXLUDQH YRGH ]D QDYRGQMDYDQMH 'RN EL LQYF
PLOLMDUGL NXQD DOL V YL&ALP RSHUDWL Y«qiistAbuiraigR/dde. e N L P
YRGH VOLYD /LPNRJ SODWRD VHGRR&M RR QWW DLWALDQDIWM IO/MNR XL
9HOHELW D PRJXUQRVW NRULAWHQMD SUHRVWDORJ YRGQRJ
DNXPXOLUDQMD WDNR L WUDQVIHUD GR SRYU&ALQD ]D QDYRG
/ILbNRJ SEADWIRDD |DKYDUDQMH SUHWKRGQR NRULAWHQH YRGH
5D]RYDF =DKYDW YRGH L] DNXPXODFLMH 5D]JRYDF YLVLQVNL S
LP MH SURVMHpPQL JRGLAQML ]DKWMHY ]Dh.HQedkuphi MEstcisks H Q W
WURANRYL RYH RSFLMH VX QDMQLAL L L]QRVH PLOLMDUGL N
YODVWLWH SURL]YRGQMH RSHUDWLYQL L SRJRQtidrbuvdiéRaENR
vode. Usporedbom ¥HXNXSQLK WUREGNRYD RYLK RSFLMD X UD]JGREO
pregradnom profilu HE Zrmanja se pokazao kao optimalna opcija kojom se osigurava navodnjavanje
]QDpDMQRJ GLMHOD SROMRSULYUHGQLK SRYUALQD =DGDUVNH

.OMXpQH =2DGMHpVSNDQLAMKD =UPDQMD /LpNL SODWR YLAHQD
navodnjavanje

“enes.obarcanin@hotmail.com
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Uvod

1D SRGUXpMX =DGDUVNH &4XSDQLMH LGHQWLILFLUDQR M
SRYUAGLQD SRIJRGQLK |D QDYRGQMDYDQMH D EH] RVLJIXUL
iVWUDALWL PRJIJXUQRVWL GREDYH YHULK NROLPLQD YRGE
QDYRGQMDYDQMD SUHGPHWQLK SROMRSULYUHGQLK SRYU
RWYRUHQL YRGRWRFL L DNXPXODFLMH NRML UDVSRODAa>
slivoviZrmanMH L /LpNRJ SODWRD

*ODYQD WHNXULFD QD SRGUXpMX =DGDUVNH aAaXSDQLMH M
SRYUALQD VOLYD =UPDQMRIK bHIDVORD LJUDPFQL VALY RWSD
+LGURWHKQLpNL JDKYDW NRML MH afskir SikuQrifekeV UD M Q R
=UPDQMH JUDGQMD MH UHYHU]JLELOQH KLGURHOHNWUDQH
SODWRD NRML VX VH X SULURGQRP VWDQMX JXELOL X S|
*UDpDpPpNRJ SROMD L L]YLUDOL X] REDO bkWikgvedrjbrh =U P D Q N
RHE Velebit sprovedeni su u dva akumulacijska jezera gornjeg horizantal. N D G D
hm?) i Opsenica (2,7 htn  GRN MH QD GRQMHP KRUL]JRQWX QD
akumulacija Razovac (1,84 im NRMD VOXaL ]D SULKYDW YRGH NRM
horizont(Elektroprojekt d.d., 1999)

Prema studijiASLAHQDPMHQVNL KLGURWHKQLpEIektropioegt DY QD L
d.d., 2001),QD ULMHFL =UPDQML SODQLUDQD VX WAJHEYLAHQDP
(UYHQLN +( &4HJDU I5BYSRIPDAQMB NROLPLQH YRGH X VOI
PRJXUH MH |DKYDWLWL QD ORNDFLMDPD SODQLUDQLK KLG
DNXPXODFLMRP 3UHYMHY QL]YRGQR RG KLGUROWENH SRV
=UPDQMD V SULSDGDMXuURP LVWRLPHQRP DNXPXODFLMR
Berberov buk. Zbog velikih gubitka u slivu Zrmanje kag javljaju na potezu od
KLGUROR&NH SRVWDMH 3UHYMHY GR KLGURORANH SRVWLCLC
pregradQL SURILO +( 4HJDU 6WRJD (iH ELWHEXhé¢MkHHE RE]JLU V
Zrmanja.

$QDOL]DPD X RYRP UDGX UD]PDWUDQH VX WUL ORNDFLM
SODQLUDQH +( (UYHQLN L +( =UPDQMD WH SRVWRMHIUD
opWLPDOQRJ WHKQLpNRJ UMHAHQMD YDULMDQWH VX PHjJ
VYHXNXSQLK LQYHVWLFLMVNLK L RSHUDWLYQLK WUR&ANRYI
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. DRINKING WATER SUPPLY
ZRMANJA BASIN

" M LKA PLATO BASIN

Slikal. 3BRVWRMHUH L SODQLUDQR KLGURWHKQLPNR XUHYHC
Figure 1. Current and planned hydtechnical arrangement of the Zrmanja basin and the Lika's plateau

Materijali i metode
SBRGUXpMH REXKYDWD |]D QDYRGQMDYDQMH

3UHJOHGRP NDUDWD QDPMHQH L NRULAWHQMD SURVWHF
korisnika, LJUDYHQH SURMHNWQH GRNXPHQWDFLMH L SUHNO
SODQLUDQL REXKYDW XQXWDU ]D NRML U0H HilvMéhtir&i®W U H |
je ukupno 43 lokaliteta pogodnih za izgradnju sustava za navodnjavanje n@ Bkvp SRY U A |
RG KD 2G QDYHGHQH XNXSQH SRYU&LQH KD |
QDYRGQMDYDQMH WR VH RGQRVL QD SRVWRMHUH VX
dokumentacija u visokom stupnju pripremljenosti. Stoga, razmatr&d gaLQD VXVW
QDYRGQMDYDQMH EH] RVLIJXUDQRJ VWDELOQRJ L]JYRU
objedinjuje ukupno 36 sustava za navodnjavanje, podijeljenih u 13 funkcionalnih cjelina, radi
optimizacije rada sustava za dobavu vode za navodnjavakpe Zp!

23



8th Internatioral Conference WATER FOR ALL
‘%" ] 21-22 March 2019
./ Osijek, Croatia

Zbornik radova / Proceedings
Poljoprivreda i vodni resursi / Agriculture and Water Resources

TUMAC OZNAKA

= DRZAVNA GRANICA

= 2UPANIJSKA GRANICA
SUSTAV NAV.-NIJE PREDMET OVOG PROJEKTA

[C] PLANIRANI SUSTAV ZA NAVODNJAVANJE

[ POSTOJECA AKUM.

[] PLANIRANA AKUM -ZAHVAT

(®) AKUM-NIJE PREDMET OVOG PROJEKTA

A) PLANIRANA AKUMULACIJA

UKOPANA MIKRO-AKUMULACHA |
FUNKCIONALNA CJELINA N

Slika2. 3BRGMHOD SRGUXpMD REXKYDWD QD IXQNFLRQDO
Figure 2. Units of the functional area

3RWUHEQH NROLPLQH YRGH ]D QDYRGQMDYDQMH

S obzirom na planiranu strukturu poljoprivredne proizvodnje (Slika 3) i potrebe pojedinih

kultura za YRGRP L]JUDpXQDWH VX XNXSQH PMHVHPQH L JRGL
%UXWR SRWUHEH SUHGVWDYOMDMX NROLPLQX YRGH NRM
GLVWULEXFLMVNRP VXVWDYX L QD RSUHPL ]D QDYRGQMDY
bitreorDOR RVLJXUDWL ]D QDYRGQMDYDQMH KD3X SURVM
RGQRVQR X VXaQRM JRGRQRVMHpPQD PRGLQD MH PMHURG
SRIJIRQVNLK WUR&GNRYD GRN MH VXaQD JRGLQD PMHURGDY!

Ratarske
kulture
20%

Vinova loza
21%

Slika 3. Planirana struktura poljoprivredne proizvodnje
Figure 3. Planned structure of agricultural production
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5DVSRORALYH NROLpPLQH YRGH ]D QDYRGQMDYDQMH

B3RGDFL VX REUDYHQL QD KLGUROR&GNLP SRVWDMDPD
GR JRGLQH GRN VX ]D DQDOL]X NROLpPLQD
SULNXSOMHQL SRGDFL ]D UDVSRORALYL SHULRG RG
Zrmanje analiziDQD VX VYHXNXSQR SURILOD X NRMLPD VH
SURFMHQX UDVSRORALYLK NROLPLQD L] VXVWDYD 5+(
protocima krozurbine(Hrvatska elektroprivreda d,dvww.hep.hr)
Tablica 1 prikazuje analizirane MHURGDYQH KLGUROR&A@NH SRVWDN
GRWRN YRGH X VXaQRM JRGLQL QD SURPDWUDQLP SU
QDMX]YRGQLMHP SURILOX =UPDQMH VXaQL JFRGLEAQNMN
QL]YRGQRP WRNX =UPDQMHQ LNPH &+ SIRY WXORWD MULY MH
YRGH X SRG]JHPOMH WDNR GD X SURILOX SODQLUDQH
od samo 40 mil. /i Na najnizvodnijem profilu HE Zrmanja dolazi do ponovne
NRQFHQWUDFLMH YRGD ULMHNHXNNMBRQ WHK &Q 5E RGrfRME RQ

351 mil. n¥.

Tablical. ' RWRN YRGH X VXdQRM JRGLQL ]D DNXPXODFLMH X VOL
Table 1.Water inflow during the dry year for the hydro accumulation in the Zrmanja river basin

- " =
Slivna 3URVM| 3URVME Shvna | 3yRvVM|  Ofecanje RGLA
= SRyYuUaly ) volumen
SRYUAa god. spec. u god. dotok | (vjer. Prekora- VX&QH
Mijerodavna h.s® protok otjecanje Akumu- rofilu ©® u akum. b H Q MoB) otioe
h.s. lacija p 0e=(010sr) Jec.
Ans. Qsr. q Apny Qulaz *Qu St Ga=Qd*T
ulaz
(km?) (m*/s) (Vs/kn?) (kn?) (m%s) (m%s) (mil. m®)
Palanka 220,20 4,49 20,40 Prevjes 242,65 4,95 3,63 114,6
Ervenik 364,59 3,25 8,90 N
AHJDU 431.50 7.95 18.41 aHJIDU 165,45 1,70 1,25 39,5
Begzi“’" 600,78 18,36 30,56 Zrmanja 192,69 15,16 11,13 350,9

SOLND SULND]XMH JRGLAQMH XNXSQH JRGLaAQMH NR
turbine RHR Velebit u periodu od 2003. do 2013. godine. UkUPR GLAQMH NRC
HQHUJHWVNL LVNRULAWHQH Y R@BILINgdtHNMsReQIbl 580XV R G

u 2013. godini.
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H Protok kroz turbine RHE Velebit
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Slika4. *UDILp N LdidhkiNIRIGLAQMLK NROLPpLQD YRGH NRMH SUROD]H N
Figure 4. Annual dynamic of water inflow through RHE Velebit turbines

Slika 5 prikazujeeprezentativnu distribuciju dotoka za sve profile te distribuciju potreba vode za
QDYRGQMDYDQMH SR PMHVHFLPD 3UHPD DQDOL]JLUDQLP SR
PMHVHFLPD RG VWXGHQRJD GR WUDYQMD XzviddigeP SHULRCC
HOHNWULpQH HQHUJLMH QD 5+( 9HOHELW 1DMPDQML GRWHF
VUSDQM NRORYR] L UXMDQ D X WRP SHULRGX VX XMHGQR
Iz ove slike jasno je vidljivo da nema navodnjavanja fimethodnog akumuliranja vode, a to

]QDpL GD VH DNXPXODFLMH PRUDMX SXQLWL X JLPVNRP SH
travnja). Maksimalni bezdimenzionalni volumen akumulacije, potreban na kraju mjeseca travnja
odgovara 75 % ukupnih potreba za RREQMDYDQMHP X VXaQRM JRGLQL D WHF
tokom svibnja i lipnja dio od 25 % potreba podmiriti direktno iz dotoka.

10

—— Distribucija potreba (fp)
0.5 |
— Distribucija dotoka (fd)

0.8 | . P
----- Bezdim. Vak na kraju mjeseca

07 |
06
05
04 [
03 |
02

01 |

Mijesec

Slika5. 5 HSUH]HQWDWLYQH UDVSRGMHOH SRWUHED L GRWRND
Figure 5. Representative distributions of needs and annual inflow for the relevant dry year
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Rezultati i rasprava
%LODQFLUDQMH SRWUHEQLK L UDVSRORALYLK NROLpPLC

Ulaz u akumulacijski prostor predstavlja dotok vode u analizirani pregradni profilprem
REUDYHQLP KLGURORAGNLP SRGDFLPD QD PMHURGDYQ
]DKYDWX SRVWDYOMHQ MH SULRULWHW LVSXawbDQMD
7TDNRYHU XNOMXpHQL VX L JXELFL YRGH QD LVSDUI
akXPXODFLMVNRJ SURVWRUD SUHGVWDYOMDMX NROLD
SURL]JYRGQMX HOHNWULPQH HQHUJLMH D ]DWLP ]D
SRYuaLQH L HYHQWXDOQR GLUHNWQR SRGPLUHQMH ¢
N R O lvpdeQMetpostavljeno je vrijeme punjenja akumulacija u periodu od studenog do
travnja, 26 dana u mjesecu i 20 h/dan.

9ULMHPH UDGD KLGURHOHNKIW@IQH SURUDPpXQDWR MH S

PL Taxi@Tpoeaui?i 0aioio (1)
EH7:44

gdje je:

Vuaz tvolumen dotoka na pregradni profil

V eppivod £V0luMen vode koji je potrebno osigurati za Qepp i vodoopskrbu

Vawicic EXNXSQL YROXPHQ YRGH NRML VH JXEL QD LVSDUDY

8NXSQD SURL]YRGQMD HOHNWULpEOHNHRHUJLMH SURUDY
9 LBHCH* H3yHP )

gdje je:

tstupanj korisnog djelovanja proizvodnih jedinica
g+XEU]DQMH ]JHPOMLQH VLOH WHAaH
H =zvisinski potencijal koji se koristi za proizvodnju el. energije
Qi tinstalirani protok
t +vrijeme rada hidroelektrane

Pri koti uspora od 40 m n.m. u akumulacijskom jezeru HE Zrmanja na raspolaganju je
korisni volumen od 7,60 mil. m 8NXSQL JRGLAQML GRWRN X VXAaf
pregradnog profila iznosi 351 mil.>’m =D SRGPLUHQMH HNROR&NL SU
vodoopskrbe osigurano je 110 mil*m. RULVWHUL KLGURSRWHQFLMDO
JRGLQL PRJXUH NRULYDVISWIRL]YRGQMX®P **K HOHNWU|

27



8th Internatioral Conference WATER FOR ALL
21-22 March 2019
Osijek, Croatia

Zbornik radova / Proceedings
Poljoprivreda i vodni resursi / Agriculture and Water Resources

navodnjavanje potrebno je osigurati dodatni akumulacijski prostor uz poljoprivredne
poYUALQH YROXPHQD® RDRR ERLO®HPRPRJXULOR SXQMHQMH
SROMRSULYUHGQH SRYU3ELQH QXabQ MH NDSDFE&tWHW ]DK
visine dizanja od 333 m. Za dobavu vode za navodnjavanje iz HE Zrmanja potrebno je
XWURSLWIIHOHNWULPQH HQHUJLMH @&WR SUHPD&XMH QMHQ X
10 GWh.
Pri koti uspora od 270 m n.m. u akumulacijskom jezeru HE Ervenik na raspolaganju je
korisni volumen od 11 mil. .n 8NXSQL JRGLAQML GRWRN X VXaQRM
pregradnog profila iznosi 115 mil. "M =D SRGPLUHQMH HNRORANL SULK
osigurano je 24 mil. . .RULVWHUL KLGURSRWHQFLMDO +( (UYHQLN
koristiti 96 mil. n? ]|D SURL]YRGQMX **K HOHNWULpPpQHreH@HUJLMH
MH RVLIXUDWL GRGDWQL DNXPXODFLMVNL SURVWRU X] S
mil.m* .DNR EL VH RPRJXULOR SXQMHQMH DNXPXODFLMD X]
kapacitet zahvata vode za navodnjavanje od 4/ iwisine dizanja od 20# % XGXuL GD
je pregradni profil HE Ervenik pozicioniran najuzvodnije te je visinski povoljniji u odnosu
QD QDYRGQMDYDQH SRYUALQH D ]D aWR MH LVND]DQR N
potrebno oko 25 GWh, a to je 17 GWh manje u odnosu natulastiizvodnju.
=D YRGH VOLYD /LpNRJ SODWRD VH PRaH NRQVWDWLUD\
LVNRULAWHQH X VXVWDYX 5+( 9HOHELW D PRJXUQRVW NR
MH RJUDQLpHQD NDNR X SRJOHGX QMHQD DAX@®XOIDUDQ!
QDYRGQMDYDQMH -HGLQD PRJXuUD RSFLMD NRULAWHQMD
SUHWKRGQR NRULAWHQH YRGH X 5+( 9HOHELW RGQRVQR 1
DNXPXODFLMH 5D]JRYDF YLVLQVNL SULEOL3aQRgaR&JRYDUD
SRWUHEDQ SULEOLAQR LVWL NDSDFLWHW?¥3DKiMdWD YRGH
GLIDQMD RG P =D GREDYX YRGH ]D QDYRGQMDYDQMH |
**K HOHNWULpQH HQHUJLMH L WR EH] PRJYMsti@RVWL SF
proizvodnje.

.RQFHSFLMVNR UMH&GHQMH QDYRGQMDYDQMD SURFMHQD L

SUHWKRGQR VX SULND]DQH DQDOL]H UDVSRORALYLK NROI
podmirenja prioriteta (ekologija, vodoopskrba i energetika. s¢aku od analiziranih
YDULMDQWL ORNDFLMH |DKYDWD RVPLAOMHQR MH MHGLQ
koje se sastoji od glavhog zahvata vode uz pregradni profil hidroelektrane, iz kojeg se
IDKYDUHQD YRGD JODYQRP FUSQ RjevovodimaQiafsRdrtird d&® D JLV W L
PDOLK DNXPXODFLMD UDVSRUHVHQLK X] IXQNFLRQDOQH
funkcionalne cjeline, prema potrebi krajnjih korisnika, voda za navodnjavanje se
GLVWULEXLUD FUSQLP VWDQLFDPD SHikhBWYRUHQLP WODpPQL
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Slika 6. Shema kncepcijskg U M Hhaaheatd i dovoda vode za navodnjavanje
Figure 6. Conceptual solution of water catchment and water supply for the irrigation

+LGUDXOLpNR PRGHOLUDQMH |]DKYDWD L GRYRGD Y
PDWHPDWLpPNLP PRGHZORMs A3 Rhgsman, Water Supply and Water
Resources Division, National Risk Menagement Research Laboratory Cincinnati, OH 4268
- YHU]LMD JRGLQD O5H]XOWDWL KLGUDXOLpPNRJ P
sastavnih @menata razmatranih varijanti, i to, promjeri magistralnih i distribucijskih
cjevovoda te karakteristike crpnih stanica.

1D WHPHOMX WHKQLpPpNLK NDUDNWHULVWLND VXVWDYI
SURFLMHQMHQL VX LQYHYVWahvatd) \ciphih BldniBad MiiMllaclid,J U C
PDJLVWUDOQLK L GLVWULEXFLMVNLK FMHYRYRGD 2SH
RVQRYL SR MHGLQLFL ]DX YDUWMHMH YW HQDPWURANRYH
ILNVQH L SRJRQVNH WWRaNR Yadjairtaimd \abvaa gdyeDpddtdyl D
PRIXUQRVW YODVWLWH SURL]JYRGQMH HOHNWULPQH HC
WURAGNRYL ]DKYDWD VX XPDQMHQL ]D WDM L]JQRV 7DE
WUR&GNRYH SUHPD UDM@&DWUDQLP YDULMDQWD
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Tablica2. 3 UHJOHG LQYHVWLFLMVNLK L RSHUDWLYQLK WURANRYD SU
Table 2.Overview of investment and operating costs by suggested variants

. . Varijanta

Opis stavke Jed. mj. HE Zrmanja | HE Ervenik | RHE Velebit
Brana kn 377.887.909 660.044.168 0
Zahvat i CS kn 125.681.976/  97.510.897| 130.137.137
Magistralni cjevovod kn 1.361.604.232 1.624.839.187 1.349.838.192
Akumulacije kn 2.056.805.656 2.019.572.750 2.258.719.688
CS uz akumulacije kn 111.876.724] 111.876.724) 111.876.724
Distribucijski sustav kn 1.067.663.610 1.067.663.610 1.067.663.610
UKUPNO kn 5.101.520.107] 5.581.507.335 4.918.235.350
90DVWLWD serdije&/iRpiddjMl  GWh -37,78 -24,97 -37,68
Proizvodnja El. energije u prosj. g. GWh 27,92 40,92 0
JLNVQL RSHUDWLYQL W kn/m? 1,54 1,56 1,47
ODULMDELOQL RSHUDW, kn/m? 0,54 0,20 1,43
Cijena vode UKUPNO kn/m3 2,08 1,76 2,90

2GDELU RSWLPDOQRJ UMHAHQMD L ]|DNOMXPpDN

=D RGDELU RSWLPDOQH YDULMD QW M HXRXKSQWHQNMRMH VWNR Q
YDULMDQWL X SHULRGX UD]PDWUDQMD RG JRGLQD 8
XNOMXpHQL WUR&ANRYL L]JJUDGQMH L RSHUDWLYQL WURATN
navodnjavanja, sukladno inkrementalnoj promjeni strktpoljoprivredne proizvodnije,

LIQRVH NQ KD 'RGDWQH NRULVWL RG SURGDMH HOHI
YybuLMboQwL +( (UYHQLN JGMH SRVWRML YL&DN RG *: K
vlastite proizvodnje.

SURPDWUDMXUL RPMHUW VALY N RW WR & NDRRY ) ptFdlniji ¥ijeRSL R G
GLVNRQWLUDQLK NRULVWL L WURANRYD LPD YDULMDAQ\
+( (UYHQLN RVLP QDYRGQMDYDQMD RVWYDUXMH GRGDWQC
energije, zbog visokhQ YHVWLFLMVNLK WURA&ANRYD LSDN LPD QLaAL
WURANRYD IDULMDQWD 5+( 9HOHELW ]JERJ QDMYLALE
RPMHU GLVNRQWLUDQLK NRULVWL L WURANRYD

IDNRQ VYLK SURYHGHQLK DQDOL]|®PUDPYR DRERVURMGE R MHGW
izgradnja sustava za navodnjavanje na 17.561 ha premantiarghnvata vode na HE

Zrmanja.

Literatura

Hrvatska elektroprivieda d.d., RHE Velebit,
1528/pphejug/rhevelebit/1546

(OHNWURSURMHNW G G

(OHNWURSURMHNW G G

https://www.hep.hr/proizvodnja/hidroelektrane

6WXGLMD YLAHQDPMHQVNRJ VXVWDYD N
6WXGLMD YLAHQDPMH,Z&eR, 2ORIL GURWH K (
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WATER POTENTIAL FROM HYDRO -TECHNICAL SYSTEMS IN
ZRMANJA R IVER BASIN AND LIKA PLATO FOR IRRIGATION
PURPOSE IN THE ZADAR COUNTY

UDC: 626.81(497.581.1)
(QHV 2EDUPDQLQ AHOMNR 7XVLUO $QD -H(

Vodoprivredneprojektni birod. d, Ulica grada Vukovara 271, 10000 Zagre&kroatia
professional paper
6DAHWDN

The analysis included 17.561 ha of agricultural land in the Zadar County area, which were divided
into 13 functional units. In the dry year, irrigation water requirements of the scope area are 46.5
million m3. Available water sources are basins Lika platoraret Zrmanja basin. According to the
SULRULWLHY DOO 3XVHUV® LQ WKH EDVLQ ZHUH WDNHQ LQV
irrigation. Available water for irrigation from river Zrmanja is directed at the two locations of
planned multipurposeydro technical systems HE Ervenik and HE Zrmanja. The profile of the HE
aHJDU DQDO\WVLYV ZDV RPLWWHG GXH WR VLIJQLILFDQW ZDWH!I
capacity in the average year is 41 GWh on the HE Ervenik and 28 GWh on the HE ZiSiarga

the HE Ervenik profile is located higher upstream and it is at a suitable elevation compared to the
irrigated area, expressed as energy consumption in the average year it is needed 25 GWh, which is
17 GWh less compared to its own production capaditE Zrmanja profile is located lower
according to the irrigated area and it is necessary 38 GWh of energy for the same amount of water,
which exceeds its average annual production capacity for 10 GWh. The total investment costs of the
first option are % billion HRK, while operation and maintenance costs are 1.75 HRK/m3 of
distributed water for irrigation. While the investment in the second option is lower and it is 5.1
billion HRK, but with higher operation and maintenance costs of 2.08 HRK/m3 obdistti water.
Available waters from the Lika plato today are used in the RHE Velebit hydro energy system.
Additional water amount is limited both in terms of its accumulation and distribution to the
irrigation area. The only solution for using water frora thika plato basin is prased water in the

RHE Velebit reservoir Razovac. Elevation of the Razovac reservoir is approximately equal to the
HE Zrmanja profile, therefore the average annual energy demand is 38 GWh. The total investment
costs of this optiorare the lowest with the amount of 4.9 billion HRK, but there is no capacity to
cover the energy consumption from own production so operation and maintenance costs are 2.91
HRK/m? which is extremely high. Comparing the total costs of these options thrbaghOtyear

period, the HE Zrmanja profile is indicated as an optimal option which provides a multipurpose
system with ability to ensure irrigation of a significant part of the agricultural area of the Zadar
County.

Keywords:Zadar county, Zrmanja, Likagto, multipurpose hydro technical system, irrigation
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OLIVE POMACE LEACHATE WASTEWATER TREATMENT BY
AERATION AND FLOCCULATION AND SORPTION METHOD

UDC: 665.327.3 628.316.12
MarinaTrgo ODULQ 8JULQD 7RQND 6UGRF ,YDQD &

J)DEXOW\ RI &KHPLVWU\ DQG 7HFKQRORJ\ 8QLYHUVLW\ RI 6SOL
Croatia
original scientific paper
Summary

Olive oil production generates large amounts of saitl liquid wastes, particularly in the
Mediterranean countries. Treatment of these wastes is obligatory in EU, but treatment methods are not
clearly defined due to the complexity of their composition. The olive pomace leachate is one of the
generated wasseand this paper examines its simulated production and treatment. Leaching of olive
pomace is a fast process due to the high content of soluble compounds and the obtained acidic leachate
has very high Chemical oxygen demand (COD) and Biological Oxygennde(B&®Ds) values. The
treatment with aeration and flocculation decreases COD for 58.41% at the optimal flocculant
concentration of 10 mmol/L. The addition of active carbon decreases the COD value down to 495
mg/L, which is a value suitable for thiischarge into sewage systems. Aeration and sorption onto
active carbon can be recommended as methods for the treatment of the olive pomace leachate.

Keywords:olive oil pomace, leaching, COD, B@Deachate treatment
Introduction

Growing olive trees aholive oil production heian important role inthe agricultual and

food production of the Mediterranean countries. The importance of the role of olive il in

human consumption during the last two decades has significantly incrgesedg of

olive trees According to the olive Oil Councih{tp://www.internationaloliveoil.org more

than one billon trees are currently included thee production ofolive oil in the

Mediterranean basin. During the harvesting season 2018/19, 3130 million tons of olive oil

was produced. The leading olive oil producers are Spain, ltaly, Greece and Portugal

(Dermeche et al.,, 2013). Olive pomace (OP) is a soligbrbgluct obtained from the

production of olive oil using the extraction process. It is usually brown coloured with

different water contents, depending on the production performance. Croatia produces about

30 000 tons of olives and their processing obtains about 12 000 tons of olive pomace
=UQpHYLU %UOHN 6DYLU HW DO 7 dtnidde; DUH JHC

thefirst one with high water contentip to 70% obtained from twestage olive separation

and thesecondone with water content of 285 %, obtained from threstage olive oll

separation (Khoufi et al., 2006). The high content of organic mattentjcylarly

“mtrgo@kttsplit.hr
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polyphenolic compounds, in olive pomace implies its possible utilization in many
processes. Lownoisture pomace obtained from the thstgge process is usually dried
and used to produce thermal energy by combustiésammposted (Alvarez da Puente

et al., 2010). The average content of the olive pomace obtained fromsthgee
separations is presented in Table 1.

Tablel. SRPSRVLWLRQ RI WKH ROLYH SRPDFH %UOHN 6DYLUO HW

Parameter Content %
water 20-25
proteins 4.59
organicfibres 40-55
oil 2-10
ash 2-6

Huge amounts of olive pomace have been disposed in uncontrolled areas causing seriou:
HQYLURQPHQWDO SUREOHPV 2UHAauUDQLQ 7KH
generation of wastewater (Mavros et, @008) which is very similar to olive mill
wastewater containing highly toxic organic compounds, of low pH and high Chemical
oxygen demand (COD). These wastewaters are phytotoxic, increase hydrophobicity of
soils and decrease water retention (Caputo et al., 2013; Dexnetchl., 2013). The
leachate of olive pomace (OPL) percolates through the soil causing underground water
pollution. This environmental impact is one of most dangerous due to the reduction of
oxygen availability in underground water streamiBich leads t@naerobic conditions and
permanent degradation of water sources (Dermeche et al., 2013). The study of utilization
processes of all bgroducts of olive oil production such us bioconversion, energy
production, recovery of valuable compounds plays an irapbrmiole in the reduction of
ZDVWH JHQHUDWHG LQ WKLV SURJUHVVLYH IRRG LQG.
analysis of olive pomace leachate (OPL) examined by Mavros et al. (2008).

Table 2.Physicochemical quality of OPL (Mavros et al., 2008)

Parameter Content %
Chemical oxygen demand, COD, mg/lO 3524
Total dissolved solids, TDS, mg/L 380
Colour, TCU 2694
pH 7.6
Conductivity, mS/cm 3.4
Total nitrogen, TN, mg/L 32
Total phosphorus, TP, mg/L 2.7
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Possible contamination of groundwatdue to leaching of nutrients and polyphenolic
compounds has not been intensively studied. The purpose of this investigation is to
evaluate the rate of leaching and optimal treatment of OPL produced from olive pomace
collected in the central Dalmatia regi@@roatia) from the threphase pocess of olive oil
production.

Materials and methods
Leaching of olive pomace

The olive pomace (OP) used in experimesas collected from the olive oil factory in the

Split area, Dalmatia region, Croatia in November 2018. After sampling, 2 kg of OP was
homogenized and stored in afridgeaf % DQG DOO H[SHULPHQWY ZHUH SHI
The total water content of 51.2% svdetermined by drying at 10f &and total organic

compounds in the amount of 97.95% were determined by heating gt 850 7 KH OHDFKLQJ
procedure was examined in a cylindrical vessel with the perforated bottom which enables

the flow of OPL to the colleatg vessel. The leaching solution was distilled water where

the continuous flow rate of 1.4619 mL/min was achieved by a peristaltic pump. The

leaching solution was passing continuously through the 3 cm fixed bed of OP, producing
leachate according to tiseheme irFigurel.

Distilled > Olive

water S pomace
Peristaltic

pump _“T““

v

Leachate production of olive pomace

Figure 1. Scheme of the simulation of olive pomace leachate production

Leaching was performed in three time intervals, each lasting 10 hours, during three days,
in order to examine the leaching rate during constant exposwatéo. Main parameters

were determined in three collected leachates: pH, turbidity, chemical oxygen demand
(COD), biochemical oxygen demand (B€)Dand total Kjeldahl nitrogen (T®). The
obtained reults are presented in Table 3.
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Table 3.Results of leachimduring three time intervals

Parameter First interval Second Third Continuously Max.
interval interval during 16.26 h allowed*
Leac“?;f_ volume, 1130 1190 1160 3480
pH 4.07 5.14 5.72 4.34 6.59.5
Turbidity, NTU 188 32 14 73 -
COD, mg Q/L 4736 230 121 2448 700
BODs, mg QJ/L 2560 141 38 725 250
TNk, mg N/L 22.4 0.0 0.0 11 50

"OD[LPDO DOORZHG YDOXHV DFFRUGLQJ WR &URDWLDQ ODZ 3UDYLOQLN R J

Leachate treatment

The leaching experiment waepeated, as previously described, but continuously during
16.26 hours to obtain 3.48 L of the leachate at the flow rate 3.56 mL/min. Parameters
determined in this sample are shown in the last column in Table 3 and compared to the
maximum allowed values fadischarge into sewage systems according to Croatian laws.
This leachate was aerated during 3 days and COD ands B@E determined in the
suspension and are shown in Table 4. After aeration, the leachate was divided into two parts.
In the first part of he leachate, flocculation was performed by thg$M)s; solution to

obtain different concentrations of the flocculant in suspensions of 0.2; 2.0; 10 and
20 mmol/L. The experiment was performed in the JAR test apparatus, by adding the
flocculant into 400mL of the leachate, mixing at 160 rpm for 5 minutes, followed by
mixing at 45 rpm for 10 minutes. After flocculation, the solution settled for 30 minutes,
was then filtered and pH and CO2me determined in the filtrate.

In the second part of the leachadelsorption onto different masses of granulated active
carbon using the batch method was performed. The experiment was performed in six
vessels filled with 100 mL of the aerated leachate by adding of mass of granulated active
carbon of 1.0; 2.0; 3.0; 5.00d 7.0 g respectively. Vessels were closed and shaken at room
temperature for 24 hours at 120 rpm. After shaking, suspensions were filtered and pH and
COD were determined in the filtrate.

Results anddiscussion

Continuous monitoring of the leachingocedure has shown fast solubility of harmful
compounds in the olive pomace with COD reaching the value of 4736 mg/L and acidic
wastewater showing a high content of biodegradable matter. After 10 hours, COD rapidly
decreaseds well as BOR indicating hat the leaching procedure was very fast. Moreover, a
high content of organic compounds indicates that the leachate is very dangerous due to its fas
spreading in a short period after percolation of the pomace in the open area exposed to rain an
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other atnespheric conditions. The measured values are above the maximal allowed
concentrations forthe discharge into sewage systems and the appropriate treatment is
necessary. The small content of the Kjeldahl nitrogen means a low content of ammonia and
nitrogencontaining organic compounds. The aeration of the obtained leachate for 3 days did
not decrease the turbidity of the suspendion it decreased COD and B®for as much as

1% and 30% respectively, but their values are still above permissible level4Y.able

Table 4.COD and BOR removal efficiency during aeration

Sample COD, mg &/ BODs, mg O/L
Raw leachate 2448 725
After aeration 1445 507
Removal efficiency, % 41 30

Flocculation has been recognized as a promising method according to Mawabs et
(2008) Therefore the leachate sample after aeration was treated by flocculation with
different flocculant concentrations in the suspensions. The increase of the flocculant
concentration has a favourable effect on COD decrease, tiegH value beame lower,

DV VKRZQ LQ 7DEOH aHWND

Table 5.COD and BOI3 removal efficiency after flocculation

Sample C(Al2(SOs)3), mmol/L pH mcg;%z/DL Removal efficiency, %
Leachate after aeratiot| 0 4,34 1445 --
0.2 5.53 1327 8.17
After flocculation 2.0 4.21 1346 6.85
10.0 3.82 1018 29.55
20.0 3.61 1030 28.71

The combined effect of the aeration and flocculation procedure on the efficiency of
leachate treatment is shownHRigure2.
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Figure 2. COD removal efficiency after aeration and flocculation

From Figure 2 it is obvious that aeration and flocculant concentration of 10 mmol/L
achieve the highest efficiency of the COD removal up td4B8 but the value of 1018
mg/L is stll above the pernsisible value.

The treatment with active carbon is also recognized as a promising method for COD
decrease in olive oil wastewaters particularly due to the sorption of polyphenolic
compounds (Mavros et al., 2008). Our experiments have shown the eviderisdeafe
COD with the mass of added active carbon (Table 6), where the highest total efficiency of
the aeration and active carbon treatman?9.786 was obtained with 5 g in 100 mL of
aerated leachateFigure 3). The minimal achieved COD value is 495 mgthich is
suitable fo the discharge into sewage waters.

Table 6.COD and BOI3 removal efficiency after adsorption on active carbon

Sample m (active carbon), g | COD, mg OJL Removal efficiency, %
Leachate after aeratior 0 1445 --
1 1129 21.86
2 851 41.11
After adsorption 3 812 43.81
5 495 65.74
7 525 63.67
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Figure 3. COD removal efficiency after aeration and adsorption
Conclusion

Olive oil production in the Mediterranean countries produces huge amounts of liquid and
solid wastes and their treatment and utilization methods should be a challerthe for
research irthe environmental protection. Olive pomace is a solidbbyduct of dive oll
production However,improper disposal leads to very fast leaching of pomace in the first
10 hours and forming of leachate which contains environmentally harmful soluble
compounds. The obtained leachate has low pH, very highsB®D COD values ah
contains biodegradable compoundigio varioustreatmens of the produced leachatevea
yielded satisfactory results. The firseatment involvedaeration and flocculation: the
flocculant concentration of 10 mmol/L has achieved the best decrease of @@ Inot

satisfy the criteria fothe discharge into sewage systems. The treatment with active carbon
has achieved better results in general, where the addition of 5g of active carbon to 100 mL
of aerated leachate yielded the lowest final COD value &f #@/L, suitable forthe
discharge. The comparison of these two methods indicates aeration and sorption on active
carbon to be more effective, where the generation of new solid wastes should be avoided
by therecovery of the saturated active carbon.
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IZVEDIVOST THP PROCESA OBRADE MULJA NA
32672-(MINOVIM UPOV-IMA

UDK: 628.1.034.2 : 628.16.0
'UDAHQ ORMWPDJIRM21IDDNULRZ?ALYR@OD 3HWNRYLU

16 YHXPLOLAWH X =DJUHEX *UDYHYLQVNL IDNXOWHW .DpLUHYD
26 YHXpLOLAWH 6MHYHU 2GMHO *UDG LODHOKE WY D+ BODWVNBULJIDG
VWUXpQL UDG

SDaHWDN

THP SURFHV SUHGVWDYOMD REOLN SUHWKRGQH LOL QDNQDGQH
otpadnih vodayPOV X NRPELQDFLML V DQDHUREQRP GLIJHVWLMRP WH
novo projektiranim i po/ W R NUPQ\EiRRa. PrimjenoniTHP SURFHVD SRVWLaH VH VPDQMF
NROLpLQD PXOMD SRYHUDQMH SURL]JYRGQMH ELRSOLQD L GRE
QMHJRYR GDOMQMH ]JEULQMDYDQMH 'RVDGDaAQMD VIMRMHWVND S
procesa ndJPOV-LPD YHUHJ NDSDFLWHWD YHUORAP-R & naJPOV-ina 3URFHYV
PRa4H SULPLMHQLWL QD -Gispied Riva@rBoviip Digedtbra L(@ddinost na novo
projektiranimUPOV-LPD L NRG SIROWORRBINRMLPD VH S @iagetdDijesSsRYHUDQ!
PXOMD L QDNRQ DQDHUREQLK GLJUPOWRKID kojih béd 2@RATEY NRG S
SRYHUDQMH NDSDFLWHWD OLQLMH PXOMD 2YDM UDTBHPGDMH NUD
SURFHVD QD SRVUPOMIME KRzlaQDROMUR WURAGANRYD IOTHRRrocesaAWL L]YHC
je detaljnije analizirana ndPOV Osijek i to bilo za njegovu izgradnju na nov&fROV-u Osijek ili

kao dodatnu nadogradnju jednom kadaJs¥V Osijek pusti u pogon. Provedene analize ukazuju

na ekonomsku SODWLYRVVTWHPXYRRARPWIID X] VDIJOHGDYDQMH NOMXpQLK
XYRYHQMD SURFHVD L]1IJUDGQMD WH SRJRQ L RGUADYDQMH
zbrinjavanja mulja.

.OMXpQHSURMH®WD Y DPMIROWP Gisiek
Uvod

.ROLpLQD PXOMD NRMD QDVWDMH NDR QHL]JEMHADQ SUR
otpadnih voda POV NRQVWDQWQR VH SRYHUDYD QD VYMHWYV]
TEULQMDYDQMH PXOMD QD HNRORA&ANL SULKYDWOMLY QD
regulative, zahtijeva prethodnu obradu mulja "n@POV-X 3ULPMHQRP RGJRYDU
WHKQRORJLMH REUDGH RVWYDUXMH VH YHOLNL EURM PRJ
RG EURMQLK UMHaAHQMD REUDGH MH SRVWXSDN WHUPDO
Process THP) NRML VH X VWUXpQRM OLWHUDWXUL VYUVWDYI
mulja (Irish Water, 2016). Prva instalacifddP postrojenja u punom mijerilu izvedena u

HamarX 1RUYHA&ND JRGLQH 3DQWHU DQG .OHLYHQ

“dvouk@grad.hr
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THP je dvostupanijski postupak u kojem se mulj prvo zagrijava-(B®Df & SRG YLVRN
takom(6 EDU L]D pHJD VOLMHGL EU]D GHNRPSUHVLMD
SRVWDMH VWHULODQ L YL&H ELRUD]JUDGLY 7Rk QDpL
slijedi nakonTHP-D XNORQLWL YHUL GLR RUJDQVNH WYDUL L
SRYHUDQX SURL]JYRGQMX ELRSOLQD 3ULWRP VH RVW
digestora, obzirom da u digestore nakdmiP-a ulazi mulj s 2 SXWD YHUR
konaentracijom mulja (812 VXKH WYDUL 67 D YULMHPH ]DGUAD
je oko 15 dana, u odnosu na konvencionalne digestore TbH#2a). S porastom
NRQFHQWUDFLMH PXOMD X GLIJHVWRULPD UDVWH L NRC
nabakterije koje se u digestorima razvijaju kod konvencionalne linije muljaTbi&2za).
OHYyXWLP NRG DQDHUREQH THPIpio¢ay,Lrartjaji BeMdRulye \BsteH W |
EDNWHULMD QD NRMH SRYHUDQH NRQFHQWUDFLMH
(Methanaulleus bourgensidylethanospirillum hungatgi(Westerholm, 2012; Wett i sur.,
2014). Kroz sterilizaciju (zagrijavanje na visokim temperaturanidlB-X XQLAWDY D N
SDWRJHQL PLNURRUJDQL]JPL WH VH GRELYD PXOM YLV
dalinf X REUDGX NRPSRVWLUDQMH VXa@HQMH L GU L NR
QHSROMRSULYUHGQH SRYU&ELQH LTHPUSUR%BWRRUSRERO
UHRORA&GND VYRBMYWYBWRKOMB VNXSD UH]XOWLUD SRW
VROXPHQRP GLJHVWRUD LOL PRJXUQRA&UXUB®R/Ypdgied QM D
regionalni centar za obradu mulj@HP proces obrade mulja pozitivho djeluje i na
XpLOQNRYLWRVW GHKLGUDFLMH PXOMD WDNR GD VH Q
udio suhe tvari u iznosu 3R %ST, a kod primjendHP nakon anaerobnih digestora,
RGQRVQR QDNRQ SRVW ¥ Sa\hinii@athKudiG sLbeRvaM iHizGoRWABTL a
(Barber, 2010).

Slika 1.1zgled mulja: a) prijeTHP procesa, b) nakohHP procesa (Goss, 2015)
Figure 1. Sewage sludge: a) befofélP process, b) afteFHP process (Goss, 2015)
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PrednostTHPprRFHVD VH QD WHPHOMX GRVDGDaQmROVind VNXVWD
GLOMHP 6YLMMIXVE VI UNDHGMUHP %DUEHU

X smanjenje proizvodnje mulja (suhe tvari u mulju) na kraju obrade-38 26

X VPDQMHQMH NROLpPpLQBD® RINKUBhG BAXQM D 1D

X SRYHUDQMH SURL]JYRGQMH5BARSOLQD L HQHUJLMH ]D

x  sterilizacija mulja (dobivanje mulja bez patogenih mikroorganizama),

x dobivanje mulja sa smanjenimenzitetom neugodnih mirisa.

Pri THP SURFHVX GUDVWLPpQR VH PLMHQuiAGWhilodkH B, RANH ND
ORIJXUQRVW RSWHUHUHQMD DQDHUREQLK GEIHVWRUD
SXWD X] VPDQMHQMH YUHPHQD ]DGUADYDQMD PXOMD X
smanjenje volumena digestora (i do @ manji volumen u odnosu nha rkeencionalno
UMHAHQNPAHDEHBPLPH VH SRVWLAH ]QDpDMQR VPDHPMHQMH L
SURFHV UD]DUD VWDQLPpQX VWUXNWXUX PXOMD WH PXOM
SRVWDMH YL&H UD]JJUDGLY &WR UH]XOWL&MNSRMHUDQRP
XNXSQH PDVH VXKH WYDUL RGQRVQR VPDQMHQMHP XNXSC
'RGDWQD SUHGQRVW MH GD VWDELOL]JLUDQL PXOM LPD ERC(
YHUL SRVWRWQL XGMH GBR %SX)KiHodANOSDWWL NR @ XBRKXKLRQDOQD L
(2228 67 8 RGQRVX QD VPDQMHQH NROLpPLQH VWDELOL]LUL
UDpXQDWL V QLALP WURANRYLPD QMHJRYH GDOMQMH RE
NRQDpPQRJ JEULQMDYDQMD
Rezultati provedenih analiza, mMiLUDOL VX GLRQLNRDOV@ yradeHiliL EURM
QDGRJU DHRXpvbesgm. 1 HNL PHy X HROR-M&QU Bvijetu koji su do danas
primijenili THP proces istaknuti su Tiablici 1.
Prednosti primjendHP SURFHVD GROD]|HJR®R LA D DYAHDIMHD DSB&ELWHW
od 150.000ES). Tako na primjedPOV-i u Hrvatskoj koji mogu biti interesantni za
primenuTHP SURFHVD VX =DJUHE 6SOLW 5LMHND L 2VLMHN
XORJX UHJLRQDOQLK FHQWDUD ]D REUDGX L JEALQMDYD (
primjenaTHP SURFHVD QLMH RJUDQLPP@YDY HLIQIMBQDLFRE® MMHL OJ
odnosnoTHP SURFHV VH PRaH SULPLMH QP®ima. FenaXding, L]JUDVt
THP SURFHV VH QD OLQLML PXOMD PRaAH SULPLMHQLW QD G)
X na glavnoj liniji ispredDQDHUREQH GLJHVWLMH SUHGQRVW NRG
LOL SRVWRMHULK XUHYyDMD NRMLPD VH @8HOL SRYHuUDWL
x naknadno na liniji mulja iza anaerobne digestije, s povratnim tokom izdvojenog
centrata (u postupku naknadne deheltaMH J]DJULMDQRJ QD YLARM WHP
NRG SRVWRMHULK XUHYyDMD X VNORSX QMLKRYH QDGF
mulja).
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Tablica 1. LokacijaUPOV-a s uvedeninTHP procesom (GF, 2018)
Table 1. WWTPswith integratedTHP process (GF, 2018)

Lokacija Kapacitet [tST/d] | Lokacija Kapacitet [tST/d]
Washington, SAD 445 Edinburgh, UK 120
Peking- Gaoantin, Kina 445 Tilburg, Nizozemska 110
Peking- Gaobedian, Kina 390 Vilnius, Litva 100
Manchester, UK 365 BruxellesSjever,Belgija 100
Peking- Huaifang, Kina 340 Aberdeen, UK 80
Dublin, Irska 245 $WKHQV *UpND 80
Newcastle, UK 170 2VOR 1RUYHAN 42
London- Riverside, UK 170 Ljubljana, Slovenija 40
Tees Valley, UK 155 Ginestous, Francuska 35
London +Crossness, UK 130 Monza, Italija 28
Cardiff, UK 130 /LOOHKDPPHU 27
6DQWLDJR yLO 125 Billund, Danska 15

8 RYRP UDGX MH SULND]DQD PRJXUlgPpitEsd okl uYjaGi D Q R
ispred i nakon anaerobnih digestoraUfgOV-ima. Uz opis samo@HP procesa, u radu je
REMDaAQMHQD PHWR @R prddedaDnaMdPCRAEQ MadRnadno je na
konkretnom primjerdlJPOV-D 2VLMHN SURYHGHQD WHKQLPpND L HI
THP procesa na liniji obrade mulja.

Autori ovog rada ne favoriziraju primjeftHP procesa n&POV-LPD YHUO LVNOMXD
RYDM UDG LVWLDpPX PRIP{idQdRa/kid jeBrig lo& FAza @atlogradnje linije
REUDGH PXOMD QDIFRDRYRD]YHRDHHONPSDFLWHWD

Materijali i metode

2VQRYQL FLOTMPXMéEegd @ Manjenje %kSQLK NROLPLQD PXOM
VWXSQMD HQHUJHWVNRJ LVNRULAWDYDQMD PXOMD L
QMHIJRYR GDOMQMH JEULQMDYDQMH REUDGX L NRQDDpPC
NaSOLFL MH SULND]DQD WHKQR gr&dajN nij¢/ sbraBeDmBja) G O R
QRYRL]JUPOHIA FTHP procesom ispred anaerobne digestije.

Anaerobna digestija uz prethodnu primjeitiP-a podnosi "nerazvodnjeni' mulj s
SRYHUDQRP NRQFHQWUDFL MR PSSV XKrazlikv Yvd kbhveXcidiig R V X
linije obrade mulja (beAZHP-a) kod koje su relevantne koncentracije mulja koji ulazi u
anaerobne digestore unutar raspo/Ge04ST .

U proces ulazi mulj koji je prethodno dehidriran na okol86%ST. Prva faza je
homogenizacija mulja uz dodatak pare. [Mge u spremniku za homogenizaciju
SUHG]DJULMDYD L SUHWYDUD X NDaX =DWLP VH WUDQ
UDGL GLVNRQWLQXLUDQR &aDUaQR 8 UHDNWRUX ]D Kl
zagrijava direktnim injektiranjem parmma 150165 f & L W G6lbjpda. M tim uvjetima
RUJDQVND WYDU KLGUROL]RP SUHOD]L X RWRSOMHQH
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mulja u reaktoru, u viemenu 30 PLQXWD WODN VH QDJOR VPDQMXMH
PXOM WODpPpL X V Sbjél Negli Mad Dakh Jigaxia Mplinsku eksploziju" koja
dezintegrira stanice i vlakna u mulju. Para koja se generira u trenutku plinske eksplozije,
UHFLUNXOLUD VH X VSUHPQLN ]D KRPRJHQL]DRkaMM X ]D SU
potrebu za dodatnom am.

Mulj koji izlazi iz THP SURFHVD MH VWISOLADRD WHNXWIQRD SRERC
karakteristika za naknadnu anaerobnu digestiju i naknadnu dehidraciju mulja. lako je rad

THP UHDNWRUD a4DU&QL FLMHOL SURFHV VH R(GwhMD NRQW
spremnika za homogenizaciju i spremnika za izdvajanje.

NakonTHP-D PXOM VH KODGL QD LIPMHQMLYDpPpLPD WRSOLQH |
u anaerobnu digestiju do koncentracije eli28 QDMpHEAIH 7 2JUDQLpDYDMXIU
parametar e KORHQWUDFLMD DPRQLMDND RPpHNLYDQD X SURFHVX
GLMHOX UDGD LVWDNQXWR X] SULVXVWYR RGUHVHQLK YL
anaerobne digestije, amonijak u koncentracijamado3B@ O QH GMHOXMH LQKLEL

R B e
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Slika2. 7THKQRORA&AND VKHPD OLQINPHro¢ces@Hshre@dnQerdiirteé digEsbi¢i D V
(https://stanceglobal.com/stanceenviro/castitiérmathydrolysis3/12)

Figure 2. Technology scheme for water and sludge lines with integitidlproces upstream of

the anaerobic digestioht{ps://stanceglobal.com/stanceenviro/castttiérmathydrolysis3/12)
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Povecana

P’;"V?d"” PROCES TERMALNE SUSTAV ZA
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Slika3. 7THKQRORAND VKHPD OLQIiNProcés@GHzd ea®rblip digestfeX OM DV
(https://stanceglobal.com/stanceenviro/castii@rmathydrolysis3/12)
Figure 3. Technology scheme for water and sludge lines with integittdiproces downstream of
the anaerobic digestiohtfps://stanceglobal.com/stanceenviro/castitdrmal-hydrolysis3/12)

NaSOLFL MH SULND]DQD WHKQROR&GND VKHBEDV&WHGOF
procesom termalne hidrolize iza anaerobne digestije.

, ] SRVWRMHIULK DQDHUREQLK GLIJHVWRUD PXOM VH PF
XUHYDMLPD ]D+6EHRMGMUDXLIMRXD LOL WUDN D VIWRdPoddsO W H L
THP procesna jedinica se sastoji od istih elemenata kao i u prethodno BgsawW O XpD M
kod THP-a ispred anaerobne digestije (spremnik za homogenizaciju, reaktor, spremnik za
izdvajanje), uz odvijanje istog niza procesa.

Mulj koji izlazi iz THP SURFHVD MH KLJLMHQL]JLUDQD WHNXUOLQD
dodatnu dehidrE LM X PXOMD 9UHOL FHQWUDW L] XUHYDMD ]D QI
KODYyHQMH SXQ ODNR UD]JJUDGLYLK RUJDQVNLK VSRMF
GLIJHVWRUH WH SULGRQRVL JULMDQMX VDG uja®@ddriskeD QD H
WYDUL SRYHUDQRM SURL]YRGQML ELRSOLQD VPDQMHQN
Dehidrirani mulj je kod oba@HP procesa, ispred i iza anaerobne digestije, higijeniziran
EH] SDWRJHQLK PLNURRUJDQL]DPD WH Vi BivaratiXpL Q
(Higgins i sur., 2011).

Tablica2. 8VSRUHGED WHKQRORANLK SDUDPHWD UHP pDce3d iddV X RE
konvencionalne linije obrade mulja

Table 2. Comparison of technological parameters for sludge treatment line witlppieadion of
THP process and with conventional sludge treatment line

Parametar THP proces Konvencionalno
pH 7.4 8,4 6,5 7.6
Isparne masne kiselin®EA) (mg/l) 2000 6000 200 500
VFA/ alkalitet 0,3 0,2
Amonijak (mg/l) 3000 800
Koncentracijamulja u anaerobne digestore (%ST| 8 12 4 6

Temperatura u digestorimdQ) 36 42 32 38
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U radu je razmatrana implementacijalP procesa ndJPOV-u Osijek, koji je planiran s
WUHUOLP VWXSQMHP SURpLAUDYDQMD \ESPOsNovnaRibi®@ QLP ND:
vode i linija mulja naUPOV-u Osijek odgovaraju prikazu faO L F L THKQRORANL S
SURpLaAUDYDQMD V WUHULP VWXSQMHP WHPHOML VH QD
(nitrifikacija-GHQLWULILNDFLMD L NRPELQL WKaR fBdfdReORANR P
,VWRYUHPHQR V RGYLMDQMHP SRWSXQH QLWULILNDFLMH
XNODQMDQMH RUJDQVNH WYDUL OXOM UH VH JHQHULUDW.L
WDORAQLFLPD ELRORANL PXOM wdbtagiDid ldaEn@ttiRNAL. RGY R G L
.RQYHQFLRQDOQD OLQLMD REUDGH PXOMD QD 8329 2VLMH
anaerobnu digestiju mulja i dehidraciju mulja kao posljednju fazu.

8 VNORSX RYRJ LVWUDALYDQMD UD]PDWUBDV@rpantaXl: WUL RV«
konvencionalna varijanta (bdHP-a) i dodatne dvije varijante s primjendrP procesa

naUPOV-u Osijek (Varijanta 2: THP ispred digestora i Varijanta 3: THP nakorsttigs).
IDULMDQWD SRGUD]XPLMHYD REUDGX FMHORNXSQRJ S
generira naUPQV Osijek konvencionalnim postupkom. Varijanta 2 podrazumijeva

XY RyHRRMaHhaUPOV 2VLMHN QDNRQ ]1JXaQMDYDQMD WH QDVWI
cielokupnRJ PXOMD NRML MH SHRHprEERG \aRjaritd 3 pbdrazinhijeva

XY R y HPM HaUPOV Osjek nakon anaerobne digestije.

Razmatrana je i dodatha vatijanta kod ktjPOV Osijek preuzima ulogu regionalnog
FHQWUD ]D REUDGX L JEULQMD YTHR-K(Maax@¥)D WDNRYyHU X]
=D VYDNX YDULMDQWX GHILQLUDQL VX L LJUDpXQDWL
]DGUADYDQMD PXOMD X GLJHWASKbjiLde DazgvdR © digestorG L IJHV W F
XNXSQDPDVD GHKLGULUDQRJ PXOMD SURL]JYRGQMD ELR
NRIJHQHUDFLMX YULMHGQRVW HOHNWULPQH HQHUJLMH L
usporedba.

Za sve razmatrane varijante obrade i zbrinjavanjjars UPOV-a Osijek, provedene su
RGIJRYDUDMXiUH HNRQRPVNH DQDOL]H &LOM DQDOL]H HNR
WURANRYLPD L GRELWL L]JPHYyX SRMHGLQLK YDULMDQWL
NDUDNWHU RYRJ UDGD PRQRUBUWHMHQBURNRIAMIRW DY -HC
SRMHGLQLK VWDYNL NRG L]JJUDGQMH SRMHGLQLK WHKQRC
NRQDpPpQRJ JEULQMDYDQMD PXOMD PRJX ]QDpPDMQR RGVWX
SULND] WURA&ANRYD L] JiteR G<xlvpH virdhavdnjd Por@da Bhjavljenom
MDYQRP QDWMHpPDMX

BUHPD RSULP QDpHOLPD SURFMHQH XNXSQLK WUR&ANRYD
WURANRYL L]JJUDGQMH WH WURANRYL SRJRQD RGUADYDQ
PXOMD L @Gtbvo pivjeidp fazdoblje koje je za potrebe ovog rada definirano u
vremenu od 30 godina.

8 GDQLP DQDOL]DPD NRUL&WHQL VX RVQRYQL MHGLQLpPQL
preglednosti iskazani Tablici 3.

Kapitalna investicija za sve stavjeguzZHY NRJHQHUDFLMVNRJ SRVWURMHQMD
su razmatrani prvenstveno kao razlika u odnosu na konvencionalnu liniju obrade mitiliiPbez
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D SRYHUDQMH NDSDFLWHWD HOHMNSWUWRRAHWV U B MMDYAAR T RIS L
prethodna dAKLGUDFLMD PXOMD QDNQDGQD GHKLGUDFLMD PX
VXaHQMD X&WHGD X YROXPHQLPD GLJHVWRUD .DSLWD
UDpXQDWD MH L LVND]DQD X SXQRP L]JQRVX ]D VYH VFHQI

Tablica 3. - H G L Q arfo@gki phimetri primijenjeni kkenomskim analizama varijantnd MHaAH QM D
Table 3.Unit values of economic parameters applied in economic analyzes of different scenarios

Parametar Vrijednost Jedinica
Vrijednost eura 7.4 NQ Y
Udio suhe tvari wlehidriranom mulju 22 %
Udio suhe tvari u dehidriranom mulju nakdRP procesa 30 %
koji je ispred anaerobne digestije

Udio suhe tvari u dehidriranom mulju nakdRP procesa 40 %
koji je nakon anaerobne digestije

Udio suhe tvari u dehidriranom mulju koji se doprema s 16 %
ostalihUPOV-a u regiji

Diskontna stopa 4 %
Projektno razdoblje 30 godina
Amortizacija elektrostrojarske opreme 4,5 %
$PRUWL]DFLMD JUDYHYLQVNRJ GLWN 1,5 %
2GUADYDQMH 2,5 %
-HGLQLpQL WUREADN RGODJDQMD P 513 kn/t
-HGLQLpQL XWURADN HQHUJLMH QI 950 kWh/tH20
-HGLQLpQL XWURADN SOLQD QD LV 1118 kWh/tH20
-HGLQLpQD SRWURAaAQMD HOHNWUL 48,6 kWh/t
1Nm?® zemnog plina 10,28 kWh
.RHILFLMHQW XpLOQNRYLWRVWL SU 0,85 %

2SHUDWLYQL WURANRYL SRJRQ RGUADYDQMH DPRUYV
NRMH VX DQDOL]JLUDQH NDR SXQL WUR&ADN D QH NDR U
energija iz kogeneracijskog postrojenfaHP); polimeri; dobit od preuzimanja mulja iz
UHJLMH WURA&ADN GDOMQMHJ JEULQMDYDQMD PXOMD
energija zalHP L GHKLGUDFLMX PXOMD HOHNWULpDQ D/ XM
mulja; pitka voda (para); bojler (kemikalije); dodatnha aeracijas NiHbioreaktorima;
RGUADYDQMH +&dRtFostidjdrdkddid; BhidrtizacijaJUDYHYLQVNL GLR
(NRQRPVND DQDOL]D VYLK YDULMDQWL X NRQDpPQLFL
NRQDPQRJ JEULQMDYDQMD PXOMD X]NSMJXINXGE QLHWWR WL
(izgradnja, pogon, odrzavanje, amortizacija, zbrinajvanje mulja). Pritom je analiza
RSHUDWLYQLK WURANRYD SURYHGHQD ]D YdsgtjivasD]OLp
XNXSQLK WURANRYD R SURPMHQMLYRVWL SRMHGLQLK
NRQDpPpQRJ JEULQMDYDQMD PXOMD X NRQNUHWQRP VO
70% W L WURADN GRELWL RG SUHX]WRDRPMDORMPOMBE DIQU
MHGLQLpQH FLMHQH L Ya W 169 VYLK YDULMDC
stopu 4% i za vremenski period od 30 godina.
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Rezultati i rasprava

$QDOL]D XVSRUHABHEaHprovetR yeHspiddnho prethodno opigametodologiji.
8VSRUHGQL SULND] UHOHYDQWQLK WHKQLpNLK SDUDPHWDUL
8] XYRYyHPE Hroizvodnja mulja smanijila bi se za oko 12 % u suhoj tvari te

40 X XNXSQRM WHALQL PRNURJ mx@MB-a Rspie ) RaR YDULNMN
DQDHUREQH GLJHVWLMH OLQLPDOQL XGLR VXKH WYDUL N
30 %ST (kodTHP-a ispred anaerobne digestije), odnosno 40 % {kdE-a iza anaerobne
GLJHVWLMH 'RELYHQL P Xictike: pévaljniaRa&EsBeMiaDi@2patdfenild N W H U
mikroorganizama, smanjeni intenzitet neugodnih mirisa i dr. Samim time bio bi pogodniji za
SRMHGLQH GDOMQMH SRVWXSNH REUDGH VX&@HQMH NRPSR
NRULAWHRQRXUQPUSHREAQLP L QHSROMRSULYUHGQLP SRYUA&ALQC
=ERJ XpLQNRYLWLMH UD]JUDGQMH L YHUHJ VDGUADMD VXKH
oko 30 % (kodTHP-a ispred anaerobne digestije), odnosno 45 % (hdE-a iza anaerobne
GLIJHVWLMH DR NVOQRDNMXKQWUD L GR 6DPLP SURFHVR
HQHUJLMH QD ]DJULMDYDQMH DQDHUREQLK GLJHVWRUD RE
potrebno dodatno i hladiti nakditHP procesa, a prije anaerobnih digestora.

Tablica 4. UspopUHG QL SULND] WHKQLpNLK SDUDPHWDUD EHJp L VD SUL
Osijek kapaciteta 170.000 ES

Table 4. Comparative presentation of technical parameters without and with the application of THP
process at WWTP Osijek with a capacity of 170.000 ES

THP ispred
. Bez THP nakon
Parametar Jedinica THP-a a(r;gero_pne anaerobne digestije
igestije
dQULM_HPH]DGUaDYDQM d 20 15 14.22
igestorima
Volumen digestora P 4.932 1.669 4932
kgST/d 4.334 5.253 5.774
VSS koji se razgradi u digestoru
% 43,7 54,6 60
Ukupna masa dehidriranog mulja t/godina 13.600 8.341 5.821
Proizvodnja bioplina 1PA G 3.713 4.887 5.379
MWhe/
8GLR SOLQD NRML VH godina 3.261 3.777 4.158
9ULMHGQRVW HOHNWU %% JRGL 423.922 491.053 540.538
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U Tablicama 5 i 6prikazanaMH XVSRUHGQD HNRQRPVND DQDOL]
JEULQMDYDQMD PXOMD $QDDIE|OLRSHUBWRY € GK Q/DJ MaN
VFHQDULMD NRMLPD MH LVSLWDQD RVMHWOM LRV W L

XOD]QLK YHOLpLQD NDR 8WR VX MHGLQLpQL WURADN N
WUR&ADN GRELWL RMEDSIUHXHURDI@MD PXQ Ya W

U Tablici 6 je dana usporedna ekonomska analiza s prik&®w 2pHNLYDQD Xaw
primjenu THP procesa ispred anaerobne digestije iznosi oko 1.60G:000 Y4 L]JUDaH
kaoNSV ]|D RSWHUHUHQMH PXOMHP NFEOWUL Ogijdk. RrrgendHRAD LV N
nakon anaerobne digestije OOV Osijek nije ekonomski isplativa i opravdana.\UO Xp DM X C
UPOV2VLMHN SRVWDQH UHJLRQDOQL FHQWDU ]D REUDGX |
rasti (6.600.000t Ya LJUDNSMQRWRRIH SUYHQVWYHQR RYL
preuzimanja mulja iz regije i vrijednosti naknade ZNRQDpQR JEULQMDYDQMH P X

Tablica5. 8VSRUHGQD HNRQRPVND DQDOL]D NDSH®pmmCegL L RSHU

Table 5.Comparative economic analysis (capital and operating costs) with and Viti®ptocess

BezTHP- THP ispred THP nakon

Stavka Jedinica a anaerobne anaerobne
digestije digestije
7URENRYL LQYHVWLFLMH
Kogeneracijsko postrojenje (ukupno) Ya 235.000 260.000 320.000
Elektrostrojarska oprema vezana za THP v, 2 100.000 4.100.000
proces s parnim bojlerom (razlika)
*UDYHYLQVNL GLR ]D 7+3 L Ya 220.000 430.000
Prethodna dehidracija mulja (razlika) Ya 320.000 265.000
Naknadna dehidracija mulja (razlika) Ya 240.000 220.000 200.000
%RMOHU YUXiUH YRGH UD](C Ya 150.000
8AWHGH X Y Rigextér&l QL PD Ya -1.631.403
BNXSQL WLbRwoNRFY, dehidracia i Yy 625.000 |  3.120.000 5.315.000
kogeneracija (razlika)
8NXSQL WURANRYL V GRGD v, 1.488.597
digestorima
7URANRYL SRIJRQD L RGUaADYDQMD

(OHNWULPpQD HOHUJLMD L] Y2 JRG| -423.922 -491.053 -540.538
Polimer (ukupno) ¥% JR G| 190.000 210.000 222.000
7UR&GDN GDOMQMHJ JEULQM Y% JRG| 951.985 583.881 407.499
(OHNWULpQD HQHUJLMD 1D Ya JRG| 23.000 8.000 24.000
(OHNWUL p Q Dekidpadiju nulld DTHP Y JRG| 11.000 28.000 42.000
Pitka voda (para) Yo JRG 3.000 2.300
Bojler - kemikalije Yo JRG 5.100 3.900
Dodatna aeracija NHUI bioaeracijskim v, JRG 28500 38.000 50.100
spremnicima
2GUADYDQMH ¥% JRG| 30.000 78.000 106.300
Amortizacija za THR elektrostrojarski dio Yo JRG 94.500 184.500
Amortizacijaza THR JUDYHYLQVNL Y4 JRG 3.300 6.450
8NXSQL WURANRYL Y2 JRG| 810.563 560.728 508.511
8AWHGD Ya JRG -249.835 -302.052
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Tablica 6. Usporedna ekonomska analinS\j sa i beZTHP procesa
Table 6. Comparative economic analysSRV9 with and withoufTHP process

Varijante NSV (30 godina)
Varijanta1l- .RQYHQF LR Q D OTBl®a GanwlORijdk:H 70.000 ES 14.641.289] A4
Varijanta 2- THP ispred digestora (samo Osijek: 170.000 ES) 11.184.731| %
Varijanta 3- THP iza digestora (samo Osijek: 170.000 ES) 14.108.202| %
Varijanta4-THP LVSUHG GLJHVWRUD 2VLMHN 8.017.491| 4
Varijanta 4- THPisSUHG GLJHVWRUD 2VLMHN X 5.506.661| ¥4
Varijanta4- THP LVSUHG GLJHVWRUD 2VLMHN 485.000| ¥4
Varijantal- . RQYHQFLR QD O'BPa G&anmLORijek:H 70.000 ES 12.289.610| A
Varijanta 2- THP ispred digestora (samo Osijek: 170.000 ES) 9.742.374| A
Varijanta 3- THP iza digestora (samo Osijek: 170.000 ES) 13.101.561| A
Varijanta4-THP LVSUHG GLJHVWRUD 2VLMHN 5.092.291| 4
Varijanta4- THP LVSUHG GLJHVWRUD 2VLMHN 2.581.461| Y4
Varijanta4- THP LVSUHG GLJHVWRUD 2VLMHN -2.440.200, A4
Varijantal- . RQYHQFLR QD O'BPa G&anmLORijek:H 70.000 ES 9.937.930| A
Varijanta 2- THP ispred digestora (samo Osijek: 170.000 ES) 8.300.017| A
Varijanta 3- THP iza digestora (samo Osijek: 170.000 ES) 12.094.919 A
Varijanta4-THP LVSUHG GLJHVWRUD 2VLMHN 2.167.091| A°
Varijanta4- THP LVSUHG GLJHVWRUD 2VLMHN -343.739| A1
Varijanta4- THP LVSUHG GLJHVWRUD 2VLMHN -5.365.400, V42
Napomena? « Y W QDNQDGD ]D JEULQMBDWO QDN @XGDMOD JEULQMDYDQMH PXOMD L

preuzimanje mulja iz regij§; « % W QDNQDGD ]D JEULQMDYDQMH PXOMD L  %«W QDNQDGD
% W QDNQDGD ]D JEULQMDYDQMH PXOMB itregied & QBRV@DGE: VD GDNEPLGD QM H
JEULQMDYDQMH PXOMD L % W QDNJRGD %DWSQBEXRPGD NB JFEUQ QM DY DN HMRHX O M
za preuzimanje mulja iz regijé;« Y4 W QDNQDGD ]D ]E UL QadayaR&ydvetziani® Mulla [z regfige W Q
Y, W QDNQDGD ]D ]JBUL QMDD YWD QVWN PX®MPD JEULQMDYDQMH PXOMD L % W QDN
regije; 1 « Y% W QDNQDGD ]D JEULQMDYDQMH PXOMD Legije¥# & QBN DQDIN QID SDHR]LF
JEULQMDYDQMH PXOMD L % W QDNQDGD ]D SUHX]LPDQMH PXOMD L] UHJLMH

=DNOMXPpDN

PrimjenomTHP postupka naJPOV 2VLMHN V WUHUOULP VWXSQMHP SURD
RPpHNLYDWL SRVWLIDQMH SREROMaDQMPBOV-aSRYHUDQMD HNEF
Uz primjenuTHP procesa, na liniji obrade mulja ispred anaerobnih digestora, proizvodnja

mulja smanjila bi se za oko P2 u suhojtvarite 4060 X XNXSQRM WHALQL PRNUI
X] PRIXUQRVW ]1QDpDMQLMHJ VPDQMHQMD YROXPHQD DQD!
EL EROMH NDUDNWHULVWLNH NDR 8WR VX SRYROMQLMD
mikroorganizama, smanjeni intenBtW QHXJRGQLK PLULVD L GU =ERJ Xpl
RUJDQVNH WYDUL L SRVWL]DQMHP YHUHJ XGMHOD VXKH W
oko 3045 %. Nastavno, dobiveni mulj bio bi pogodniji za pojedine daljnje postupke
REUDGH NRPSRN@MUDQMIBU VXWH SUL NRULAWHQMX Q
QHSROMRSULYUHGQLP SRYUALQDPD

1D UDpXQ SURL]JYRGQMH HOHNWULPQH HQHUJLMH HYLGI
primenom THP-D 3UHPGD MH YHUD SURL]YRGQMD WPHUJLMH
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procesa, na pg H i INSWWH YDULMDQWH XWMHpPpH L YHOLPLQD I
gdje UPOV Osijek postaje regionalni centaa obradu i zbrinjavanje mulja.

PrimjenaTHP-a nakon anaerobne digestije b®0V Osijek nije ekonomski isplativa i
opravdana.

U daljnjLP LVWUDALYDQMLPD QD RYX WHPDWLNX SUHSRU
UD]J]OLpLWH NRPEIUE®DFURHAHYRRAHGMPD OWMHJD DOL X] GF
REUDGH PXOMD V X@rbligeMudlinjav/aripe@dr.. Y D Q M H
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FEASIBILITY OF THP PROCESS ON EXISTING AND NEW WWTPS
UDC: 628.1.034.2 : 628.16.0

'UDAHQ WRRRDJRMZ, MaoLAILCMHJIRQD 3HWNRYLU

tUniversity of Zagreb, Faculty of Civil Engineering, Kaciceva 26, 10000 Zagreb, Croatia
2University North, Department of Civil Engineering, Ul. 104. brigade 3, 42000 Varazdin, Croatia
professional paper
Summary

THP process is a preor posttreatment of sewage sludge combined with anaerobic digestion at
WWTH, so it can be easily applied on existing or NeWTHR. By applyingTHP process, reduction

in total amount of sludge, increase in biogas production, and sludltipe more favorable
characteristics for its further disposal are achieved. The current worldwide practice indicate the
feasibility of applyingTHP process aWWTR of larger capacity (above 150,000 PEYP process

on WWTR might be implemented in two basiays- the first is to apply it in front of the digesters
which are going to be built (advantage of newly desigh®iTR), and the second one is to apply it
after existing anaerobic digesters (advantage of existing WWTPs where increase in anaerobic
digesers capacity hasn't been planned). This paper gives a brief description of methodology and
results of THP application on existing and newWTF. Additionally, through codbenefit analysis

the feasibility of THP process aWWTPOsijek is thoroughly invegiated for both cases, either for

its implementation at neWWWTPor as upgrading once wh&dWTPwill be put in operation. The
conducted analyses indicate that applicatiomtélP process is feasible AWWTPOsijek.

Keywords:treatment, sludge, THP, WWTBsijek
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POSSIBILITIES AND ADVANTAGES OF GEOTHERMAL
WATER EXPLOITATION

UDC: 502.171:662.997
Andreja Hajdinger! /LGLMB 7DGLU

!15HILRQDO GHYHORSPHQW-6BRYRQRD V&RX QRV\ 3 R&BIDQ LMV ND
Croatia
2Faculty of Civil Engineering and Architecture Osijek, Vladimir Prelog 3, 31000 Qjelatia
review paper
Summary

Geothermal water represents two thirds of the total estimated renewable energy sources in the
world, andts usageis known from ancient history, especially from old Romans. According to the
geothermal potential, the Republic of Croatia can be divided into two different parts thplitdrg

the southern part of the River Sava depression: Pannonian and Dinaric piértth@/ihelp ofthe

positive thermal anomaly, average temperature gradient and thermal flow dmnesitpticeably
higherin the Pannonian part than the European average, therefore most geothermal water springs
arelocated in this area, with the possilyilibf discovering new springs. Temperature gradient and
thermal flow density in the Dinaric part are lowdan the world average. Despite the positive
preconditions, the geothermal water was not ueealccordance with itpotential It was mostly

used forrecreation and therapy, and a little less for fish farming, sanitary water and for water and
space heating. Development of oil industry and examination of some geothermal boreholes created
technological precondition fdhe geothermal water exploitatiofgr heating and production of fruit

and vegetables in greenhouses. The first Croatian geothermal power plant has been dinished,
consequentlyhe usage trend turned in a positive direction.

Keywords:geothermal water, renewable energy sources, padssilifilexploitation
Introduction

Geothermal energy presents a part of the energy from the JEdeibith that reachebe
(DUWKSYTV VXUIDFH LQ WKH IRUP RI KRW RUuXbrdks JHR)
convenient forthe exploitation in its original form or fothe conversion in other forms.
Geothermal water represents all watérose temperature throughout the year is higher
than the mean air temperature in the spring located area.

The use of geothermal water is knownnfrancient history, especially from old Romans,
which is evidenced by archeological remains of the term in areas with geothermal water
springs. Over the past few decades the usage of geothermal water has been quite disregarde
but lately its usage trend taed in a positive direction. The usage of geothermal water
primarily depends o natural conditions, heat flow and temperature gradiEigufe 1).

“andreja.mendjel@pozega.hr
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Geothermal water temperature varies for different springs, and can be formed into the
following groups: sulbtermal water (13 f& K\SRWKHUPDP&ZDMRHRRWKHUPD (
water 34 f& DQG K\SHUWKHU&L DORZDWIHUDOQG -HOLU

Temperature I 120- 140°C
N > 240°C [ 100-120°C
B 200-240°C [ 80-100°C
I 180-200°C [ ] 60-80°C
. I 160-180°C [[] <60°C

\ [ 140-160°C  [[] nodata

Figure 1. Geothermal potential in the Europe and Republic of Croatia

Chemicalcomposition of geothermal water is variotisome geothermal waters are dgor
mineralized, and some can be classified as a mineral water.

Materials and methods

Geothermal water can be used in several ways and the most significant is posiséility
eledricity production from high temperature geothermal sources5¢>f & 7KH ZRUN R
geothermal power plant is based on transforming the thermal energy of the geothermal
medium/fluid into the kinetic energy and then into the electric energy.

Geothermal poweplants work on three basic principles: dry steam, flash steam and binary

cycle. In the dry steam plant (high temperature sources) the geothermal resource is directly
used thot vapour, for the direct start of the turbine generator, which is the masabpnd

the simplest principle. The principle of vapour separatifiash process (high temperature

sources) is used in the most modern geothermal power plants. It uses water from the
UHVHUYRLU XQGHU KLJK SUHVVXUH DQGatthés not ks UD W X U
into vapour returns to the reservoir for the reuse. The binary principle (high temperature and
medium temperature sources) is mostly used in the planned geothermal power plants. Hot
water is used to heat a liquid that has noticeably Idweéding temperature than water that
evaporates at the hot water temperature, and starts the turbine generator. An additional
advantage of binary power plants is the complete closure of the system since the used water
returns to the reservoir. Heat lossrigimal, almost without water loss and without harmful
HPLVVLRQV LQ WKH DLU (QHUJ\ LQVWLWXWH +UYRMH 3RAD
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Figure 4. Binary cycle power plant
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Projects of the geothermal power plant construction are loaded with ecological risk and
very high initial investments. One part thie investment must also relate to the system of
injecting produed and used geothermal water back into the suppdriven boreholes,
pumps and pipelines. Only with such a closed circuit of water flow can the geothermal
project be called a renewable and environmentally frieadgrgy source

Today geothermal water dnits heatare mostly used directly, without conversion to
another form of energy: for recreation and therapeutic purposes (balneology), for heating
and cooling, as sanitary water (direct injection into the pipeline system), in agriculture
(greenhouséeating possibility), in aquaculture (fish pond heating possibility), in industry
(for paper, fruit, vegetables, fish, wood and wool drying, water distillation, milk
pasteurization), and for the snow dissolving.

Geothermal water can be used directly, ieclly and cascade. Direct use of geothermal
includes using the boiler through which tivater flows, and it is used foheating with
radiators or underfloor heating. Indirect use of geothermal water inclimeseat
exchangerthe boilerandis also usefbr heating with radiators or underfloor heating.

Figure 5. Direct use of geothermal water

Heating with radistors

Figure 6. Indirect use of geothermal water
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The most efficient way of geothermal water uséhescascade useayhich provides using
as much energy as possible, sitaneously for different users.

Figure 7. Cascade use of geothermal water

There arabur factors which are important for making decisisnabout the use of
geothemal water: availability of geothermal sources, geothermal fluid and borehole
characteristics, tradition of local economy and potential market.

The use of geothermal water is worldwide represented, wiib%&7n Asia, 423% in

North America, 10% in Europand 010% in South America. Iceland is the leading
country in the use of geothermal water, followed by the United States, the Philippines,
Mexico and JaparAs far as théeuropean union membease concernedSweden, France

and Italy lead in the use of gg¢ KHUPDO ZDWHU .UVWLQLG 1LALD

Over the last few years the importance of geothermal water has also been recognized ir
countries in central Europe. There are over 1200 geothermal springs/boreholes in Hungary,
but only 5% with the temperature above §& *HRWKHUPDO ZDWHU LV
balneological and therapeutic purposes. Hungary is the leader in the usage of geotherma
water for the agricultural produce, with more than 200 ha of greenhouses and about 1000 he
of temporary covered plastic tungelOver 72% of heat of the total demand for heat in
horticulture comes from the geothermal fluids. The first geothermal power plant in central
Europe has also been opened in Hungary (Toth, 2016). In Slovenia, the government
subsidizes the direct use of ¢fsermal water through various projects. They include several
leading agencies that announce tenders for regional ecological development and support the
initiative for private capital. Geothermal water is directly located at 27 sites, and the most
importantuse is in balneology, but there are also small heating systems (Kralj and Rajver,
2000). Geothermal water research in Austria is quite proactive, and it is mainly focused on
the exploitation of thermal water. Two small binary plants were installed, apcath used

for the production of electric energy, central heating of settlements and for heating in the spa
facility (heating of the hotel and pool area) (EIHP, 2010) (Alcue Net, 2014).
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One of the best examples in Europe is Turkey. Turkey has relagesgtly started with the
development of the electricity production from geothermal sources, and in recent years its
development was faster than it was expected. First geothermal researches started in 1962,
and by 2014, 578 boreholes were drilled, with tbel depth of 332 000 m, and 227
geothermal fields were discovered. In the period from 2008 to 2014, 55 geothermal fields
were discovered. Geothermal water was mostly used directly for the heating of residential
buildings, for greenhouses heating andifalneological purposes. One private company has
invested its own funds, and from 2006 to now 5 geothermal power plants have been built,
with total installed power of 70 MW. In the period from 2012 to 2015 they have recorded the
increase of 321.70%. Quickna@ successful development of energy production by using
geothermal resources in Turkey shows that it is possible to create a model that is conductive
to transition on a low carbon economy and to increase energy independence by creating a
stimulatinglegalD QG ILVFDO HQYLURQPHQW IRU WKH SULYDWH LQ°

Results anddiscussion

Positive regional anomaly has created favorable natural conditions for the geothermal water
usage. According to the geothermal potential, the Republic of Crzatide divided byhe
southern part of the River Sava depression into two different parts: Pannonian and Dinaric part
(Figure 8). In the Pannonian part, the temperature gradarges!| UR P WR f& P
which is above the world averaget adbout 0 f& P 7KH WKHUPRP&angGedradRZ GHQVL

WR P:P6 DQG LW LV DOVR QRWLFH DvEih\is BHoutkeBl U WK D Q
P:P6 7KHUHIRUH PRVW JHRWKHUPDO ZDWHU VSULQJV DUH
of discovering new springs. In the Dinaric part, the temperature gradieygs from 0.01 to

f& P DQG WKH WK tngedooth 200RR Z BERQVEWLFK LV ORZHU WK

ZRUOG DYHUDJH -HOLUO HW D Qial of PannonidrHpaitisRnatkeH WitRD O S RV
30 natural springs of thermal water, mostly in the western part of Croatia, and many of them
have been known since the Romaresm

Figure 8. Geothermal resources in the Republic of Croatia
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Geothermal supports in Croatia can be dividetb itwo categories: one with the
WHPSHUDWXUH DERYH f& DQG RQH ZLWK WKH WHPSt
Waters with higlwater temperatures were found in the course of oil and gas research taken
in the Pannonian part in the second parttld 20" century. Despite the positive
preconditions, the geothermal water was not usextcordance with itpotential It was
mostlyused for recreation and therapy, and a little less for fish farming, sanitary water and
for water and space heating. In the last few years the interest of geothermal water usage
has increased: licensed geothermal fields are located in Zagreb, Bizovalc,ilvanX W Q M D
Lunjkovec, Velika Ciglena, and licenced geothermal exploitation blocks are located in
%RaQMDFL %DELQD *UHGD )HUGLQDQGRYDF J/HJUDG
60DWLQD 3UHORJ 'UDaNRYHF DD AEBWHWF LTHGMHOMD
The geothermal field in Zagreb uses two technological systems that uses geothermal
water for heating of swimming paohnd associated facilities #te sportsrecreatioal

centre Mladost, and the other one that uses geothermal water for individual saticg. h
Reservoir of thermal mineral water Bizovac was found in 1967 during oil and gas
exploration in the Drava depression. Water has very favourable properties for spa, therapy
which was the foundatiofor the development of the Bizovac Spa. Except ierapeutic
application, water is also used anenergysourcein space heating with recovery tife
VHSDUDWHG JDV ,Q WKH JhaewKdidsdeter@ed s dlyGndied withf D Q
total mineralization, so here Special hospital for skin andmiagic diseasewas built At

the geothermal field Kutnjakunjkovec expected production will include electric power
generation and direct heat utilisation in drying of agricultural products, individual space
and district heating, bathing and other purgoges there is no natural water inflow to the
reservoir, used (cool) geothermal water must be injected back into the reservoir.
Geothermal water has balneological properties suitable for health prevention and post
traumatic rehabilitation (Energy institute UYRMH 3RaDU (,+3

The commissioning of the first Croatian geothermal power plant was completed in
December 2018 in Velika Ciglena near Bjelovar. It is the largest power plant of this type in
the European Union. This geothermal power plant b gross power of 16.5 MW, and

for now supplies 10 MWwhich fits to the average consumption of 29000 Croatian
households. Construction works started in 2015, and the total investment amounts to about
325 million HRK, out of which about 220 million HRKis invested in services and
equipment. Irthe second phase of this project construction of a heating plant and 8 ha of
greenhouseis forseenwhich should use the two remaining wells (Energy institute Hrvoje
3R&DU (,+3

In the places RAQMDUFEX BI@MD JHRWKHUPDO ZdeWidtiseslthat XV H
produce tomatoes

Zagreb area is also plentiful with geothermal energy resourceshdyure used only for
swimming pools heating (Mladost), for working and warehouse rooms heating @idtr
EXVLQHVV JRQH KHDWLQJ /XpNR antddrisWasorly FOReCof A<D W H L
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potential capacity. It is planned to implement geothermal water for agricultural and
recreational/spa, and for the balneological purposes (health tourismufidi@azin, 2018).

The main reason of poor geothermal potential exploitation is large investment and quite
low profitability of the projects. On the other hand, legislation doethelpin the usage of
geothermal sources, as there is often a legal disagreement between law and bylaw
regulations and acts, artdtakes a long time tissuethe individual permits Projects of
geothermal water use should be supported by the governshenidd beexemped from

taxes, with a possibility of cofinancing to facilitate private investors.

Conclusion

There are many positive aspects of geothermal water exploitation. Geothermal waater is
renewable energy source, it has low heating price (up to@@%per thafossil fuels), it

has greater efficiency of heating (48%ere efficient than gas stoves, and more than 75%
efficient than oil stoves), it ianenvironmentally friendly form of heating. Maintenance of
the geothermal system is not expensive, geothermal watebygdreating or coolingbe
brought to the wanted temperature. It is rdéakit doesnot depend on meteorological
influences. It uses minimal space and has low production costs. Geothermal water supplies
are practically inexhaustiblewhich can reduce dmendence of imported energy and
geopolitics.

The use of geothermal water is extrembbipful for achievinga goak of circular
economyand reductiorgreenhousgases productiolhe lbcationof geothermal sites

often suitable for this type of productiohleat installations are relatively simple and
equipment for automation process can eas#hadded. For this type of production the use

of geothermal wates economically viable.

Geothermal water exploitation $ialso negative aspects: very high coststloé starting
production, the uncompetitive price of electricity produced in geothermal power plants, the
water can be corrosive and accompanied by dangerous gases, outbreaksirofiva it
water can be noisyit is related to a single location, the number of high temperature
resources that are suitable for the promuncof electricity are limited.

The Republic of Croatia has positive predispositionstli@rgeothermal water use, but
theyhavebeen insufficiently exploited. The new law of hydrocarbon exploitation for the
first time unifies all geothermal resources, and the first step in removing administrative
barriers has been made. There are more and more locgbselihments in Croatia tha

are interested ithe geothermal water use, and these projects could be cofinancethfom

EU projects. Croatia should develop innovative financial models for geothermal district
heating, including a risk insurance scheme and intensive use of struftindd
Furthermoretechnicians and decision makers from regional and local authasftmdd

be trainedn order to provide the technical background necessary to approve and support
projects The district heating systeshould be modernizedhe role 6 district heating
companiesshould be improve@nd access to international geothermal expertise, markets
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and serviceshould be enabledCroatia has great potential in geothermal water use, and
we hope that in a few years, this potential will be usedstdficient extent.
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2 +,'52/2*,-, .52= ,675%$4,9%1-% 92'267%-% '21-( '5%9(
UDK: 556.535(282.24 Drava)
6LQLAD ODULDpLQ

*UDYHYLQVNL L DUKLW H iNive Rigdinivd Prédayax3D 3008 ©sijeRHrdtskal
VWUXpQL UDG
SDaAaHWDN

8 UDGX VH SUHGVWDYOMD QHNROLNR SULPMHUD YH]DQLK X] LV
HOHPHQWH KLGURORANLK RSDADQMD L ]|QDpDMQH RVRELQH GRQM
XOLMHYD X 'XQDY .RQWLQXLUDQD s&ek®d auwhQijeka refafvBRvWDd D QD S|
GDWLUDMX V NUDMD S U H \prkdzZardh\OHR R VWIRW MBI BL GO RIIRFNVKHUWD QL |
je uspostavljena 1890. godine, ali nisu joj svi izvorni podatci vodostaja istovrsni. Ukazuje se na potrebu
dREUH SULSUHPH XVNODYyLYDQMD SRGDWDND ]D SRYHUDQMH SRX
NRULWD X RYRP SRGUXpMX QDMQL]YRGQLMH KLGUROR&NH SRVWD
Dunava. llustrirano je to krivuljama promjene vodosttijgkom nekoliko godina. S obzirom na
PDNVLPDOQX RVFLODFLMX 'XQDYD RG SUHNR P XVSRU SRQHD
YRGRVWDMD SRND]XMX SHULRGLpNR SRQDYOMDQMH 1D SULPMHU
JRGLAQML UDIMDPLYRGRWGVWXSDQMD RG QMHJIJD WH SHULRGLpQH
SbU ybuLMbQwL .UR] GLMHORP SULND]DQR SUDUHQMH L L]XpDY
QMH]LQ PHYyXRGQRV V 'XQDYRP $QDO L] BraeNtizkenMrdzn@itan&U R G X E O N
GXJRJRGLAQMHJ UD]JGREOMD 3ULPMHWQR MH UDQLMH SRMDYOM
pojavljivanja maksimalnih vrijednosti.

.OMXpQHYBGNRWMW.DML GRQMD 'UDYD XVSRU YRGQL UHALP

Uvod

Na velikim rijekama, JHRJUDIVNL ELKKGGODRORBANR UD]JOLNXMX VH W
(Schumm, 1977; Miller, 1990) 7R VX JRUQML VUHGQML L GRQML WRN
SDGRYH WRND SD L HQHUJLMX ]D HUR]JLMX SRYUAaLQH OL\
prethodno QDQHAHQRJ PDWHULMDOD LPD QDMPDQMH SDGR®
PHDQGULUD VSHFLILPQR SUHQRVHiUL QDQRV QL]JYRGQR
UDYQRWHAH VYLP XWMHFDMQLP HOHPHQWLPD W]Y HNYLO
D XRPPR JD L IR>PIDWVDPVYWYHQR SRPRUX YRGRVWDMD

8 QDAHP RNUXAHQMX |]DSDGQRM 60ODYRQLML 5 +UYDWVN
UHJLRQDOQL FHQWDU JUDG 2VLMHN OHA&AL QD QMH]JLQRM
toku i dvadesetak kilometara WZRGQR NRG QDVHOMD $OMPDa XOLMH)Y
'XQDY 2 LOQWHUHVX 1D RpXYDQMH SULURGH L PRIJXUQRVW
JRYRUL L pLQMHQLFD R SRVWRMDQMX 9RGQRJRVSRGDUV

“smaricic@gfos.hr

62



8th Internatioral Conferenc@VATER FOR ALL
21-22 March 2019
Osijek, Croatia
Zbornik radova / Proceedings

+UYDWVNLK YRGD (@®pldavM praEMmili raz@oj\plevniH putova) doveli su do
XVSRVWDYH VXVWDYD RSDabQMD YRGRVWDMD QD 'UDY

Materijali i metode

Mjerenja vodostaja donje DraveUvidom u djelokrug mjerenja vodostaja donje Drave
'+0= XRp@Md postojeglikal QDMMHGQRVWYQLML QDpLQL
letvom (vertikalnom- Bijelo Brdo i kosom+ 2VLMHN 9XNRYDU VORAH
instrumenti (limnigrafi - $OMPDa %DWLQD ]D NRQWLQXLUDAQ
HOHNWURQLPNLHY®OIMLWDOWRGDUVNLP L XOWUD]YXpQLP
OLKROMDF WH XUHYDML ]D DXWRPDWVNX SRKUDQX L
9RGRVWDMH VX QHNDG SRQHJGMH L GDQDV MHGQRP |
SD L XRR®GRL V YRGRND]QH OHWYH OMHVHpPQL L]JYMH
KLGURORANRM VOXAaEL 2VNRUXaA 'DQDV MH XREL]
vodostaja u realnom vremertAVP (automatska vodomjerna postaja).

Slikal. 2SDADQMH-REGRYGR®MBIWYRP NRVRP X REDORXWYUGL L F
Figure 1. Water level observationby water level measurement stock (vertical or on the slope of
river embankment) and electronically, with a suitable sensor

PRYLMHVQR JOHGDQR PMHUHQMD YRGRVWDMD QDMSUL
JUXSD SRVWDMD XVSRVWDYOMHQD MH X GUXJRM SRC
SRPDOR GRSXQMDYDQD WLMHNRP QDUHGQRJ VWROMH
pULMHOD]X X ;;, VWROMHUH SURYHGHQD MH DXWRPD\

6YH WR JRYRUL R IRQGX SRGDWDND QD NRMH VH
WUHED REUDWLWL SDAaQMX L QD QHNH SUHNLGH#imX UDG
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DOL ELOR MH L GHYDVWDFLMD YRGRPMHUD +LGURORANH
SRGMHGQDNLP PHYXUD]PDNRP '+0= =D QMIKERYR XpYU3
VWDELOQL GLMHORYL REDOD HOHPHQWU LR/RWDMQRYADV D2 VIL MeH
L FUSQLK VWDQLFD ' OLKROMDF XWYUYyHQH REDOH %t
RSDADpNH JUDYyHYLQH %HOL&GH $OMPD& /RNDFLMD MH S
VH XYLMHN QDYRGL NDR SUDWHiLOSREDWDN EKGDMRORAEN
1IDMYD&QLML SRGDWDNRIGRANHUID MH Q§RWD AMHN PRUD SU
SRGDWDND NRG NRMLK MH ELOD YDAHUD UD]GREOMH RSD3

.-
!
(S

Slika 2. Ugradnja vodomjera na elemente crpne stanice (D. Miholjac)
ikaosamdRVWDOQRJ REMHNWD $OMPD3a
Figure 2. Installation of water level gauge on pumping station elements (D. Miholjac)
DQG DV DQ LQGHSHQGHQW REMHFW $OMPDaAa
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Rezultati i rasprava

O obradama vodostaja (na primjerima donje Drave3JULMH VDPRJ NRULaAwHQM
YRGRPMHUQH SRVWDMH SRWUHEQR MH SURYMHULWL Q
SRJLFLML L LVKRGLAWX A 3 YRGRND]D 3RGDFL VH LVNCL
WUHQXWNX 2EL pdjR pretistaMjRo [eldaeni Kodatek. Ponegdje se ha osnovu tri
RpLWDQMD WLMHNRP GDQD NRULVWLR SURVMHN ]D UHS:S
GQHYQL SURVMHN L] NRQWLQXLUDQH ]JDELOMHAEH XQXW
uSOLMHG SURRMRQB]A 3NRMH PRAH ELWL ]QDpDMQLMH 7C
X]YRGQR LOL QL]YRGQR X] |IDGUADYDQMH UD]JLQH YHUWL
VNXSD RGQRVQR YDOMDQRVW SRGDWDIOND Q.0 RPGREDH) FF
VOXpDM KLGUROR&ANH SRVWDMH 'RQML OLKRQOROEZAQWMHUI
UD]J]GREOMX R S riqiDte® mijenfa@el deAixija vodomjera (zadniji put za preko 4 km
aWwWR SUHPD SDGX NRULWD PLNDHRMI RY RE RAHVOMNV]IDDHE L F
N R W-odbkaza (18 cm).

NIZVODNA LETVA
774000 r. km (1957.)

>, ' &
SADASNII MOST [l
774920 . km y/

CRPNA STANICA
80+500 r. km (1988.)

. /r' .
/8 PORUSENI MOST
/ 774308 r. km (XIX st.)

/63 ' »
- LOKACIJE VODOM]ERA NAINIZVODNUAL. [

. py 76+430 r. km (1968.)
¢ DRAVA, DONJI MIHOLJAC

Slika 3. Povijesne promjene pozicije vodomjera na Dravi kod Donjeg Miholjca
Figure 3. Historical changes in the position of the water level gauge on the Drava near Donji Miholjac

lzvor: Google Map, 11.07.2012.

SURPMHQH YRGRVWDMD NRMH VH GH&A&DYDMX QD QHNR
YODGDMX QD QMHQRP X]YRGQRP VOLYX 8VSRUHGERP \
X VDWL SRGDWDND PRaH VH YLGMHWL NR@Lok&ijVH EU
=D GRQMX 'UDYX VOLYD RG YL&H GHVHWDND WLVXUL
relativno spore (male) u odnosu na vrijeme prolaska vodnih valova ovim dijelom Drave.

'DNOH PRA&H VH UHUL GD SURPMHQH YRGRiaiipewisteL P D M
podataka dobro opisuju (oslikavaju) promjene vodostaja u vrert®lika 4), tj. da su

dnevni podaci dovoljni za upoznavanje prirodnih osobina donje Drave. Ipak treba
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QDSRPHQXWL GD LGXuUL X]YRGQLMH RNR HUILLM H p Q LK
KLGURHOHNWUDQDPD RYLVQR R -@WLiIQRYR B LWPX P XM DDGH
PDQMD RGVWXSDQMD RG SUHWKRGQR NRQVWDWLUDQRJ %

Vodostaji Drave - dnevni/prirast

Vodostaj
(mn.m,)

106,0
104,00
100,00 =

Slika4. 6DWQL L GQHYQL YRGRVWDML GRQMH 'UDYH QHPDOL GQHYQ
Figure 4. Hourly and daily water levels of the lower Drava; considerable daily increase;
multi-day water wave character

5D]PDWUDQMHP SRGDW DuN® spozivalti dsbbB&R oD MalbvePria bvom
GLMHOX '"UDYH =DMHGQ L p NvidmeSW(EIN®)] Rdgu WRIGRFRMWLDWLDY R G Q
valovi i njihove osobine.
SBULND]RP SRMHGLQLK YRGRVWDQMD X SURVWRUX PRJX
dionice toka. Velik YRGQL YDORYL WUDMX SUHNR GHVHW L GRVW
LIJUDAHQLML L WUDQVIRUPLUDMX VH SR L]JQRVX L WUDMLCL
YRGRVWDMD X]YRGQLMH MH YHUD 3URSDJDFLMD YDOD S
skoro 1 m kod TerLQRJ 3ROMD D JRWRYR PDQMX YULMHGQR
VOXpDM SRMDYH YHOLNH YRGH GRPLQDQWQR X NRULWX '
GRPLQDQWQR QDLOD]L GXQDYVNLP NRULWRP QDMYHUD D
NRG 2VLMHND GURB&BLU L 7R VH GHWDOMQLMH PRaH
korelacijskih odnosa istodnevnih vodostaja Osijeka i okopuhtaja (Slikab). Bolje se
PRa4H GHILQLUDWL UHJUHVLMVNL RGQRV NRG QLAaLK YRG|
OLKROMDF  Ddud&skiny (Afatil, Batina).
,ZVWRYUHPHQL YRGRVWDML SR WUDVL NRULWD RPRJXUXMX
'UDYH 7LMHNRP SURODVND YRGQRJ YDOD YRGQR OLFH VH
Prema jednom velikom dunavskom valu (Slégadov po dionicamanijenjaju se od cca
FHQWLPHWUD SR dilcéaRBRrMRMI KXo 20athd@jdcaja dunavske
velike vode pad na dionici OsiekOMPD& MH EH]QDpDMDQ =QD ELWL
]JDELOMH&AHQ YMHURMDWQR JUHANRP L PDOL NRQWUDSDG
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Slka5. . RUHODFLMD YULMHGQRVWL ]DELOMHAHQLK LVWRGQ
s uzvodnim vodostajima rijeke Drava i Dunav
Figure 5. Correlation of simultaneous water levels values of the Drava in Osijek with upstream water levels
of riversDrava and Danube
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Slika 6. Promjena padova vodnog lica Drave kod prolaska vodnog vala u rujanu 2014.
Figure 6. Changes of the Drava water surface fall during the water wave in September 2014
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Rezultati i rasprava

Osobine (vodostaja) donje Drave3UHPD KLGUROR&ANLP REUDGDPD L DQ
LIYRGH VH ]DNOMXpFL R RVRELQDPD ULMHND UD]PDWUDQ
VWUXpPpQR D GDQDV MIMKNWHH ED@QWD RN REPPKHM SRVYHIXMX
AWR VH WLpH GRQMH 'UDYH Y Kd vidjdto kakoSsE HMAK RIG QLK R
IDNOMXpDND 2SUHQLWR SUHPD SRGDFLPD L] RYRJ VWRC
EODJRP SDGX SURVMHpPQL SDGRYL VX MRM ciRfitn 7 3RO\
(0,12 A 2G 2VLMHND SURVMHpPpQR Y RaBsRdR karitaFgdje\feH VP D Q M
SURVMHpPpQL SDG FFD FP NP ODNVLPDOQL SDGRYL VX QD
YHUL QHJR QD RYGDAQMHP GLMHOX 'XQDYD ]J]QDWQLMH YI
OLQLPDOQL SDGRYL QD 'UDYL -EtiRng Qetallikl e1GulasikthL 80D V X
koji su 1,53 cm/km. Najmanji se javijaju na dijelRG %HOL&UD QL]JYRGQLMH |
uspornim djelovanjem voda Dunava (vidljivo sikkama 7 i 8) pa tu pad ponekad gotovo

nestaje.

8VSRUQL XpLQDN YDabQ MH ]D GRAH QUUUDXXMMNH SIRICPWKHPG
RGQRVD YRGRVWDMD L SURWRND QD QHNRP ULMHpPQRP SL
UHPHWL IXQNFLMVNX YH]X YRGRVWDMD L SURWRND NRWV
SURPMHQH NRULWD 5D]PDWUDQNHP \8 D RDMH|GXLAK NLR B L Q¥ IDP
GQD NRULWD |DMHGQR V PDNVLPDOQRP DPSOLWXGRP RV
$OMPDa XRpOMLYR MH GD NRWD PDNVLPDOQRJ YRGRVW
YRGRVWDM NRG %HOL&UD DOL L NSR&R. CoQRazlRdaLiWD NRG
SURVMHpPpQL YRGRVWDML 'XQDYD XWMHpX QD YRGRVWDMH
NRG %HOL&AUD D NRG QDB)YYurgiski MpoGiRMQMEAWR GMBEMMNEB D M D
vodostaje kod D. Miholjca.

90
Srednji i minimalni vodostaji duz Drave

8 te maksimalni vodostaj u Aljmasu

86

84

D. Miholjac

/
Aljmas

82

Belisce 4
/
/
8,6

—&— Hmin

80

Vodostaj (m n.m.)

H sr

78 Max

StacionaZa (r.km)

76
90 80 70 60 50 40 30 20 10 0 -10

Slika7. . DUDNWHULVWLpPpQL YRGRVWDML 'XQDYD L '"UDYH WH G
Figure 7. Characteristic water levels of the Danube and Drava and the backwater impact
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Doseg uspora Dunava du? korita Drave
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Slika8. 8BWMHFDM XVSRUD 'XQDYD QD YRGRVWDMH 'UDYH QD S
Figure 8. Impact of the Danube backwater rise on the Drava water levels, an example of water in spring
2014

,SDN ]D YHOLNX YHULQX YRGRVWDMD SRVWDMD %t
konsumpcijskog odnosa vodosfajotok (pa je to tako najnizvodnija relevantna
SRVWDMD .RG YLALK L YLVRNLK YRGRVWDMD XSUR\
oprez kod poHGLQDpPQLK SULPMHQD ]D QHNL RGUHVYHQL
raspon vrijednosti protoka, a rijetko mu odgovara ona koju daje
konsumpcijska funkcija).

-HGQD RG RVQRYQLK RVRELQD ULMHNH MH QMH]LQ J
VOXpDMX UHEADNFHGRWHIH MH NRQVWDWLUDWL SRPRI
postaje (Slika 9). U blizini Dunava on je kombinacija utjecaja dvaju uzvodnih
VOLYRYD 1HAWR GDOMH RG ' OLKROMFD RFUWDYD
'UDYD MH QDMY R Gkialem Bvibhjsilijekol libdjal a najmanje vode ima
JLPL L WR X VLMHpQMX ODQMH SRYHUDQMH YRGQRVW
YHOLNH YRGH QDMpHAUH VH -dtbpad Mivalike vwde ibjasIfrjE O M X
VH L aLUH X SUROMHUH L MHVHQ
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95,00 Godi3nji hod vodostaja - Drava, D. Miholjac (karakteristiéni dnevni vodostaji tri perioda)
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Slika9. 3B URPMHQH JRGLAQMHJ KRGD YRGRVWDMD 'UDYH NRG 'RQ
Figure 9. Changes in the annual water level regime of the Drava River, Donji Miholjac station,
over three periods

'XJDpDN QL] SRGDWDND X RYRP VOXpDMX R YRGRVWDMLF
promjena i njihoihSHULRGLPpQLK BL Rreky Y@ Re@®UANIML QL] GQHYQLK .
YRGRVWDML '"UDYH NRG ' OLKROMFD RV Lufe i0®elieHOS ULPMHV
JRGLAQMNMRGVLAQMH FLNOXVH ODULpLO L GUXJL SUHPD R
VH SURPDWUDWL L NDUDNWHULVWLpPpQL PLQLPDOQL VUHG
trendovi promjena (Slikelli12 8RpPOMRGRWMWDML GRQMH 'UDYH YUHPHQR
6UHGQML JRGLAQML YRGRWMHOIWOIR VH ¥PDIRMXMX PLQLPDOQL
SURPDWUDQMHP SR NUDULP UDJ]GREOMLFD).ELOR MH L HWDSLCL

za razdoblje 1900.-2012.

PERSIARIE 153 14 11" $cha WAL D 6 R R QAR TH A
20000 Hif3p ona (b 1 4o o000

Broj dnevnog vodostaja s pocetkom 01.01.1900.

Slika10. 3BHULRGLpQRVW YRGRVWDMD 'UDYH NRG 'RQMHJ |
Figure 10. Periodicity of the Drava River water level near Donji Miholjac
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Slika1l. 3 URVMHpPQH YULMHGQRVWL SRMHGLQLK XRpHQLK F
Figure 11. Average values of some observed cyclic periods of the lower Drava
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Slika12.120JRGLAQMH SURPMHQH NDUDNWHULVWLPpQLK JRGLEAQMN
Figure 12.Changes of the characteristic annual water levels of the Drava near Donji Miholjac in
period of 120 years

Vodostaji u svakodneviei Osim za spoznavanje osobina rijeke kao geografskog elementa,
DAXUQR UHJLVWULUDQL YRGRVWDMDL DL QGR NDDURLp HQM R
(Slika 13 BURSLVDQH VX L RUJDQL]JLUDQH UD]OLPpLWH PM
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nedostataka i poduzimanjpfDKYDWD |]D ]DaAWLWX RG SRSODYD SUL p
mjerodavni vodostaji za pojedine dionicéhiHNH 3UL NRULAWHQMX ULMHNH ]D
SULPMHQMXMX RGJRYDUDMXiuL PMHURGDYQL YRGRVWDML ]D

5
s

503
10.04 2006

Vodostaj (m n.m.)

Datum 2006. godine (dan.mjesec.)

Nivogram vodomjera Osijek i kretanje razine gazova prema stanju razine dna na pli¢aku 10-og km
Drave - 2017. godine

Slika 13. Primjeri primjene podataka o vodostajima u stalnim vodnogospodarskim aktivnostima

+XVDULGO L GUXJL XURNRYLU $]93
Figure 13. Examples of application of water level data in permanent water management activities
+XVDULO HW DO L XPPYRY
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=DNOMXpDN

1D ]QDpDM L SUDNVX KLGURORJLMH NDR YUOR YDA&QH
ORNDOQRP SULPMHUX aWR MH X RYRP UDGX L QDSUDY(
parametara vodostaja. Kroz, dijeflomSULND]DQR SUDUHQMH L L]XpDYDC(
NDUDNWHU GRQMH 'UDYH L QMH]LQ PHYyXRGQRV V 'XQDY
SUDUHQMH VWDQMD YRGRVWDMD SRYUHPHQH DQDOLI]H
vrijednosti (indikatoD RIJUDQLpHQMD SORYLGEH L LOL RSDVQRVW
VX SUHGVWDYLOH PRIJXUQRVWL L GRVDJH KLGURORJLMFE
NDNR VH PLMHQMD GRQMD 'UDYD b5H]XOWDWL MPDQM
WLMHNRP YUHPHQD XND]XMX QD SURGXEOMHQMH NRUL
UD]JGREOMD 3ULPMHWQR MH L] VXNFHVLYQLK SULND]D
YLALK YRGRVWDMD NDR L YHUD UDVSUZGIRRWW SRMD&QNM
PRJX VH WUDALWL X SURPMHQDPD NOLPH L OMXGVNLP
UHJXODFLMH WH UD]QL #3GRLY]LY RNGRQM B WHHIHWNDN U L MO HH (
QDYRGQMDYDQMH L GUXJWURBLMM HMAMHS UR B MHIXH W Y
YUOR VORAHQ SURFHV DOL QHL]EMHADQ
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+XVDULUO - XURNRYLUO = %IDRMEMWD 'RG2ERGIhDribatova®s YDWVNRM
Hrvatskakonferencijao vodama +tUYDWVNH YRGH SUHG L]DJRYRP NOLPDWVNL
+ROMHYLUO ' 7URSDQ /-Op#id 201%;dty 882 VNH YRGH

XURNRYLU =Provedba mjera obrane od poplava u Republici Hrvatskajnferencija:
Lokalna uprava u sustaviD &8 W L W HveR @l. StiRI&n0g 2014., Zagreb.
AzVP (2019): Agencija za vodne putove] YMH&UH R VWDQMX SORYQRVWL QD PHY
vodnih putova u Republici Hrvatskoj u 2017. god@X NRYDU Y H @i p D
https://www.vodniputovi.hr/ploiddba/izvjescao-plovnosti RaAXMD N

ABOUT HYDROLOGY TROUGH RESARCH
OF LOWER DRAVA WATER LEVELS

UDC: 556.535(282.24 Drava)
6LQLAD ODULpLQ

Josip Juraj Strossmayer University of Osijek, Faculty of Civil Engineering Qsij&dimira
Preloga 3, 31000 OsijelCroatia
professional paper
Summary

This paper presents several examples of water levels research that point to important elements of
hydrological observation and significant characteristics of the lower D&oraething downstream

from Osijek Drava flows into the Danube. Continuous water levels monitoring in the area of these
rivers is relatively long, dating back from the late 19th century. For example, a review of
hydrological station D. Miholjac was givendhigh was established in 1890, but not all original
water data are equivalent to each other. It points to the need for good preparation (alignment) of
data to increase the reliability of the further analysis. Due to the small falls in the area, the most
downstream hydrological stations of the river Drava are under subdued influence waters river
Danube. It is illustrated by the water levels change curves over several years. Due to the maximum
oscillation of the Danube of over 8.5 m, the backwater sometinaehes to D. Miholjac. Water

levels changes show a periodic repetition. Examples from the vicinity of Osijek are the average
annual water regime and some deviations from it and the periodic changes of the annual water
regime in a few variants. Throughoutarfly shown, monitoring and studying water levels, the
character of the lower Drava and its relationship with the Danube are known. The analyzes indicate
the deepening of the Drava riverbed during the consideredtésngperiod. The earlier occurrence

of higher water levels and higher dispersion of the occurrence of maximum values are noticed.

Keywords:water levels, lower Drava, backwater, water regime
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6867%9 =%a7,7( 2' 323/%$9% *5%'$ 26,-(.%
UDK: 627.51(497.543)
Tomislav Slunjskit ODULMD?aSHUDF

1+UYDWVNH YRGH 9*, |D P D €kh 24,31000 DSijk\ Bréatsk& ODY D U
26 YHXpL@Bip&aWrd 6WURVVPD\HUD X 2VLMHNX *UDYyHYLQVNL L
Vladimira Prdoga 3, 31000 Osijek, Hrvatska
VWUXpQL UI
SDaAHWDN

Obrana od poplavaggulacija vodotoka i melioracijski zahvati na vodn@ R GUXpMX VOLYD
'XQDYD LPDMX GXJX L ERIJIDWX WUDGLFLMX JDKYDOMXMXiUL p
WUDMH VWROMHULPD NDNR EL VH SORGQD uridij€ VapDkaS R G U X
%LORJRUH V MHGQH L YHOLNLK YRGD 0OXUH 'UDYH L 'XQDYD
JRVSRGDUVWYD X +UYDWVNRM XSUDYR YH]DQL ]D RYH SURYV
9XNH?2 JRGLQH QD pH O XossmeyerahiN Xz8rRdRja-prvih dén&vskih nasipa

GDWLUD MR& RG VWROMHUD V FLOMHP ]DAWLWH QL]JLQVNR
PHWHRURORANH SULOLNH L QDVLSL QHRGJRYDUDMXULK GLPF
pojavom katasbfalnih poplava u 1964., 1965., 1966. i 1972. godini. Poslije ovih poplava, a

QDURpPLWR SRVOLMH SRSODYH JRGLQH GROD]L GR ]QL
LIJUDGQMH QRYLK QDVLSD L UHNRQVWUXNFLMIMBRVWDRINRHG I
GDQDV YHULQD QDVLSD MDpD L YLAD V YHULP VWXSQMHP VL.

. O M X p Q HbtahdvbH pdplava, Dunav, Drava, Osijek, Hrvatska

Uvod

Operativno upravljanje rizicima od poplava i neposredna provedba mjera obranplaa po
XWYUYyHQR MH '"UADYQLP SR fa Rdela) RHGlarit pEoRedi@iiiny D
planom obrane od poplavaGRQRVH JD +UYDWVNH YRGH 6YL WHKQL
XSUDYOMDQMH UHGRYQRP L L]YDQUH G Qd&iitm RriavgdbénimP R G
SODQRP REUDQH RG SRSODYD L SURYHGEHQLP SODQRYL
RYL SODQRYL MDYQR VX GRVWXSQL QD LOQWHUQHWVNLP
SRSODYD XUHYyXMH WHUL W poplavisl Brapiiede bbkaue Lo@ hoplblva] bhjeReE U
REUDQH RG SRSODYD XNOMXpLYR L SUHYHQWLYQH PM
REUDQRP RG SRSODYD V REYH]DPD L SUDYLPD UXNR
provedbenih planova obrane od pogl® VXVWDY ]D REDYMH&ULYDQMH L .
PMHUH ]D REUDQX RG OHGD QD YRGRWRFLPD *ODYQL
SUHJOHG WHULWRULMDOQLK MHGLQLFD ]D LJUDYQX SUR
oznaku dionicaL GUXJH SRWUHEQH SRGDWNH SR EUDQMHOQLI

“tslunjski@voda.hr
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]JDAWLWQLK YRGQLK JUDYHYLQD QD NRMLPD VH SURYRGH PM
RG OHGD QD YRGRWRFLPD YRGRVWDMH SUL NRMLPD QD S
redovna odnosno izvanredna obrana od poplava i izvanredno stanje, kriterije obrane od leda na
vodotocima, raspored rukovoditelja obrane od poplava i njihovih zamjenika iz Hrvatskih voda, te
pravnih osoba i njihovih rukovoditelja i zamjenika registrirahh SURYRYHQMH REUDQH R
odnosno obranu od leda na vodotocima, kao i raspored rukovoditelja obrane od poplava iz
SUDYQLK RVRED NRMH XSUDYOMDMX EUDQDPD L DNXPXODFL
zavoda u prikupljanju i dostavijanju podaBk SURJQR]D L XSR]JRUHQMD R KLG
SRMDYDPD RG ]QDpHQMD ]D REUDQX RG SRSODYD XSXWH ]L
REUDQH RG SRSODYD NDUWRJUDIVNL SULND] JUDQLFD EUDQC
Obrana od poplava provodi se na teritorijalnim jezdima za obranu od poplavaodnim
SRGUXpMLPD VHNWRULPD EUDQMHQLP SRGUXpMLPD L GL
QDpLQ SRGLMHOMHQD QD YRGQD SRGUXpMD VHNWRUD
SRGUXpMD VHNWRUD L E WDQ@ EakopdnKo Sdi@ia XdokM & BRaiUHY HQ
R]IQDND SRMHGLQH GLRQLFH XWYUyXMH *ODYQLP SURYHGE
'LRQLFH VX QDMQL&H WHULWRULMDOQH MHGLQLFH XQXWD!
opasnosti od poplava prate stanjaiizravhoyyRGL REUDQD RG SRSODYD QD ]D
JUDYHYLQDPD 2EUDQD RG SRSODYD PRaH ELWL SUHYHQWL

»
»

NORMALNO STANIJE <200

PRIPREMNO STANIE >200

REDOVNA OBRANA >350

IZVANREDNA OBRANA >500

- - - -

IZVANREDNO STANIE >550

Slika 1. Stupnjevi obrane od poplava
Figure 1.Flood defense stages
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SBUHYHQWLYQX REUDQX RG SRSODYD YR@B U DDB&RW LWIH
JUDYyHYLQD X FLOMX VPDQMHQMD UL]JLND RG SRMDYH
SRSODYD pLQH PMHUH NRMH VH SRGX]LPDMX QHSRVUL
tijekom trajanja opasnosti i neposredno nakon prestankaatnogti, sa ciljiem smanjenja
PRJXULK a&WHWD RG SRSODYD

Neposredne mjere redovne i izvanredne obrane od poplava su:

Xx L]JUDGD SURJQR]D YHOLpPpLQH L YUHPHQD QDLODVND *

X XpHVWDOL SUHJOHGL VWDQMD LVSUDYQRVWL UHJ>
JUDYHYLQD ]D RVQRYQX PHOLRUDFLMVNX RGYRGQM
stanja obrane od poplava do njenog opoziva

X SURYHGED SRWUHEQLK PMHUD L UDGQML QD UHJXO
WH JUDYVHYLQDPD RVQRYQH DraRiRkeSdRIWdjeE Edje moguH W C
SRVOXALWL SULKYDWX L HYDNXDFLML YHOLNLK YRGI

X otklanjanje uzroka koji ometaju protok voda koritom vodotoka

X VWDYOMDQMH X IXQNFLMX L]JJUDYHQLK REMHNDWD
kanala, retencija, akumulacija s retiggsidm prostorom za prihvat velikih voda,
XVWDYD SUHOMHYD RGYRGQLK WXQHOD L VOLpPpQR

=D XpLQNRYLWX REUDQX RG SRSODYD QHRSKRGQD MH
]JDAWLWH L VSDADYDQMD XNOM X p Xréagdsrialne). sirida@ueQte FH O
'UADYQX XSUDYX ]D ]|DAWLWX L VSDADYDQMH NRMD MH
RG NDWDVWURID L MMIPXMXKLQIHRQH IOV XINNOHG SRSODYH

Povijest poplava Drave i Dunava u RH

1IHSRYROMQH PHWHRUR@HRGE HRS D UDIMNHI LLK QADLMVALSQ LM D
Dunava rezultirali su pojavom katastrofalnih poplava u 1964., 1965., 1966. i 1972. godini.
.URQRORJLMD GRJDYDQMD YH]DQLK X] NDWDVWURIDOQ
svibnja s vijestima europskih wvimskih agencija o haglom porastu vodostaja Dunava u
JRUQMHP WRNX L SURFMHQDPD YRGQRJRVSRGDUVNLK
]QDpDMQRJ SRUDVWD ULMHND 'UDYH L 'XQDYD L QD C

vodostaj Dunava kod Vukovara do3tDb R MH FP A&WR MH SURX]JURDL
NXiD WH MH QDMDYOMHQD HYDNXDFLMD VWDQRYQLA\
'UDYL NRG 2VLMHND SURJOD&HQH VX JRGLQH
+396 cm (danas se te mjere proghDYDM X SUL FP 6OLMHGHULK C
'UDYH QHSUHNLGQR UDVWX D YHU YRGRVWDM
]JDELOMHAHQL PDNVLPXP L] JRGLQH ]D FP L L]QRV

jer 25.06.1965. gopd QH 'UDYD NRG 2VLMHND L 'XQDY NRG 9XN
PDNVLPXP QD RGQRVQR FP NRML GR GDQDV QLV
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8QDWRpPp YHOLNRP EURMX DQJDALUDQLK OMXGL L PHKDQL
dogodili su se brojni prodori nasipa kof/ X LPDOL ]D SRVOMHGLFX SXVW
EUDQMHQRP SRGUXpMX 1D *ODYQRP GUDYVNRP QDVLSX >
SURGRU QDVLSD QD ORNDFLML NP X]JYRGQR RG 2VLMHN
GXQDYVNL QDVLSL QD GYDIPMHWWD []PRWGIDYB YRRIJRWH HED UL
6HFH NRML MH SUHGVWDYOMDR REUDPEHQX FUWX NRG VH¢
QDOHW YRGHQH VWLKLMH -HGDQ RG QDMGUDPDWLpPQLMLE
28.06.1965., kada je popustio st@brambeni nasip iznad Carskih livada kod crpne stanice
9DGDU awWwR MH RPRJXULOR YRGQRP YDOX YLVLQH P GC
7YUYDYLFX L 3BRGUDYOMH 9RGD6t MBIMFR BIOHY VGIDVIW F R VW WXR:
jezero dravske i dun& NH YRGH 8 2VLMHNX MH SRSODYOMHQ =RR
Pampas na d.o., a u Vukovaru krajem svibnja i lipnja poplavljeno je niz dijelova grada i
okolnih naselja koja su pretvorena u prava jezera. Napokon 14.07.1965. vode Dunava i
Drave povukle su se& svoja korita, a 21.07.1965. ukinute su mjere obrane od poplava.

,SDN X NRORYR]X LVWH JRGLQH 'UDYD MH SRQRYR ]DS
Pampasa, a 11.08.1965. ponovo je pod vodom cesta Bdijek Te godine to je bio
posljednji nalet sthMH NRMD MH 60DYRQLML L %DUDQML QDQLMHOL
BRVOMHGLFH SRSODYH L] JRGLQH NRMD MH WUDMDOD
NRWDUD 2VLMHN ELOR MH SRSODYOMHQR KD XJUR
stanovnika, poplavljeno je VWDPEHQLK REMHNDWD VUXaHQR R
NP NDQDOL]DFLMVNH PUHAaH NP SDURYRGD L YRGRYRGAQ
9HOLNH A4WHWH J]DELOMHAHQH VX L QD SRGUXpMX 9DOSRYI
stradacitadaQML 3,. % HOMH

Slika 2. Fotografija poplave u Osijeku 196%izvor: arhiva Hrvatskih voda
Figure 2. Photo of the flood in Osijek in 1965ource: Hrvatske vode archive
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SRSODYH L] JRGLQH SR VYRP RSVHJX L awHWD
popODY X L] JRGLQH 7DGD MH SRSODYDPD ELOR X
2VLMHND XNXSQR KD SRYUaLQbD 8VOLMHG MDNL

navrata, pojavile su se velike vode na Muri (od 22:021.07.1972. ukupno 7 vodnih
valovg od kojih su one iz srpnja bile katastrofalne. Na Dravi u razdoblju od
24.04.- SRMDYLOD VX VH SRSODYQD YDOD D (C
X VUSQMX -DNH NL&H QD YRGQRP SRGUXBMXNnSRpHO
nekoliko dana), d&rdske vode s Bilogore, Papuka i Krndije slile su se prema Drauvi,
WH GRGDWQR SRYHUDOH LRQDNR YHOLNL YRGQL Y|
GRWDGDaQML ]JDELOMHAHQL PDNVLPDOQL YRGRVWDMI
u rasponu od 16 do 72 cm (osimD/U D a GniaRsimum iz 1965. godine i Osijeka,
PDNVLPXP WDNRYHU L] JRGLQH XVOLMHG XVSRLU
YLAHJRGLAQML $1BROV)MaHpét puta, a izlijevanje vode iz korita Drave i
Mure i kanala bilo je neminovno.
Uslijed GXJRWUDMQLK YLVRNLK YRGRVWDMD QDVLSL VX
RWHaDQD XVOLMHG SURFMHGQLK YRGD V EUDQMHQ
RWHaADYDOL VWDOQL SOMXVNRYL L NLAH X WR YULMH
4 proboja napa: Lanka/HaAaHYR -HBXSIDNFRLYDF NRG =
% HNandd §2BH7.1972.) i Glavni dravski nasip kod Novog Bezdana
5DGL RPRJIJXUuDYDQMD RWMHFDQMD SRSOI
% H O-Nard He potez ceste Osiedo LOMH pLPH MH RPRJXUHQD HY
YRGD X 'XQDY V SRGUXpMD |DSDGQR RG QDYHGHQH
XVWDYH .RSDpHYR X 'XQDY
U kolovozu 1972. godine kada se pristupilo sanaciji nasipa, ponovno dolazi do
YHOLNLK NLAD @DMXLEAHWKYXND]GR L S
PP aAWR MH SRQRYQR L]D]YDOR NDWDVWURIDOQH
UX4aLOH VYH SUHG VRERP QSU QD SRGUXpMX 60DV
PRVWRYD % XMLMNMUHH YRMGEOGIRYREFHQ 9XpLFH .DUDA&ALFI
YRGRWRND SRSODYLOH VX YHOLND SRGUXpMD D VL\
Drave koja nije bila u stanju prihvatiti sve te vode.
,DNR MH QD REUDQL RG SRSODYD JIW.GAOQjttli,EL O R
YHOLNH aWHWH VH QLVX PRJOH L]JEMHUL 8] RJURPD
Mjesecima su slavonska i baranjska polja bila pretvorena u nepregledna jezera, a
QDMYHUX SXVWRa SRSODYD MH RVWDYLOD QD SRGUX|
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Slika 3. Fotografija miniranog mostaizvor: arhiva Hrvatskih voda
Figure 3. Photo of a mined bridgessource: Hrvatske vode archive

.DWDVWURIDOQH SRSODYH VUHGLQRP &H]J]GHVHWLK
VHGDPGHVHWLK JRMHID SURAORIHGWR/ DYOMDMX SUHNUHW
REUDQH RG SRSODYD GRQRAHQMHP pHWYHURJRGLAQMLEK
vodnogospodarskoj djelatnosti. Prvi takav program donesen je 1967., a drugi 1972. godine

L RG WDGD VH pisteéngilrQviv sdistevriht)iplanskim radovima na izgradnji i
GRJUDGQML VXWWRG [ RE OD&WLQERD RYRP SRGUXpMX
'DQDaAQMH VWDQMH XUHYHQRVWL YRGRWRND L L]JJUDVHQF
SRGUXpMX SRGVOLYD ULMHNDSRWGNYYH MD 'XQ@DNDD  YURES| QR B .
SRMHGLQD EUDQMHQD SRGUXpMD SRGUXpMD PDOLK VOLYI
PR&4H NRQVWDWLUDWL GD MH VWXSDQM UHJXOLUDQRVWL
SRSODYD XJODYQRP SURB RUALSOEDAVDQI MK YWHROADPWRRID ,]JU
SRGUXpMX SRGVOLYD ULMHND 'UDYH L "XQBJXRGEBASMQYMWHHI SR
SRYUDWQRJ UDJ]GREOMD X] QDGYLAHQMH RG P L X] VD
PMHVWD WH UHGRY@®R R GUEDWH®EH VEYWDPRJ SODQD RE
WLMHNRP YHOLNLK YRGQLK YDORYD RPRJXUHQD MH XVSN
Dunava.

80DJDQMD X VXVWDY REUDQH RG SRSODYD YRGD , UHGD G
uz desnu obalu rijeke Mure QMHQH SULWRNH L]JJUDYHQR XNXSQR
QDVLSD X] OLMHYX L GHVQX REDOX JRUQMH '"UDYH L SULS
OLMHYX L GHVQX REDOX GRQMH 'UDYH L SULSDGDMXUuUH SLU
njegove neposredne desnolteapritoke (bez Drave) ukupno 203,510 km obrambenih
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QDVLSD RGQRVQR QD YRGQRP SRGUXpMX '"XQDYD VYH?
2G VYHXNXSQH GXOMLQH QDVLSD QD YRGQRP SRGUXDpPNM
donje Drave) pripada 448,550 km izgttl QLK REUDPEHQLK QDVLSD

1IDNRQ NDWDVWURIDOQH SRSODYH JRGLQH X 2VLML!
MH ]DELOMHAHQR QHNROLNR ]QDpDMQLK REUDQD RG ¢
L N D GobrvedenX & didbrang Rd poplava na

ULMHFL 'UDYL L VYLP EUDQMHQLP SRGUXpMLPD
6XVWDY |DA&WLWH RG SRSODYD JUDGD 2VLMHND

9RGQH JUDYHYLQH ]D REUDQX RG SRSODYD X 2VLMHN
REUDQX RG SRSODYD ULMHNH X UG 15 RABHD D Y D yXWQ QM H]®
RERULQD 3RVWRMHUH XUHYHQMH REDOH ULMHNH 'UDY
NDR RVQRYQRJ NRPSRJLFLMVNRJ L LQWHJUDFLMVNRJ

SULREDOQD dHWQLFD 3URPHADGAMHGLR NMHNBSMRMHMN
5DGRYDQ OLapHYLO ,]JJUDGQMD REDORXWYUGH V 3URPI
katastrofalne poplave iz 1965. godine. Realizacijom Promenade u Gornjem gradu, uz
L]IJUDGQMX SMH&DpPpNRJ PRVaahapepd2naliN® i MaREd OD S
vizura grada Osijeka.

Slika 4. Fotografija obaloutvrde na rkm 22izvor: arhiva Hrvatskih voda
Figure 4. Photo of coastal fortification on river km 285ource: Hrvatske vode archive

B8UHYHQMH REDGOGRGWREWHD YQRMHNH 'UDYH X 2VLMHNX .
GLRQLFD 'R VDGD VX |]JDYUAGHQH GLRQLFH UHNRQVWUX
poddionica od stare luke Tranzit (rkm. 18+800) do cestovhog mosta (rkm. 19+300) te
rekonstrukcija nasipa Dva £+ 'XQDY NRG 3RGUDYOMD 8 WLMHNX
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2. poddionice stare luke Tranzit od rkm. 17+800 do rkm. 18+800 i 3. poddionice od
SRPHWND GRQMRJUDGVNH REDOH UNP GR 7UJD 1LN
poddionicu Vrbik od ulice Zeleno pol& R SRpHWND GRQMRJUDGVNH REDO
dionicu rekonstrukcija i dogradnja nasipa i obaloutvrde ZOO vrt u Osijeku trenutno se
LIUDYyXMH SURMHNWQD GRNXPHQWDFLMD 3RVHEQR ]DQLP
SRSODYD QDVHOMD HWaAMHQRDXNRNXUMHHQRW LQXQGDFLMYV
'UDYH WH MH XpHVWDOR L]ORAHQR XWMHFDMX SRSODYQ
JRGLQH GR GDQDV X NRMHP MH |DELOMHAHQR aHVW YLVRI
poplave u 2013. godini okona®€@MD .DUDALFD L]JJUDYHQ MH SULYUHPHQIL

PHWUD XNXSQH GXAaLQH FFD PHWDUD 3ULYUHPHQL
YRGH V wUL VWUDQH GRN MH SUHRVWDOD VMHYHUQD VWL
YUHUD QBS$QMHWYMRP 'LR SRVWRMHUHJ QDVLSD L]JJUDVt
AXPDUVNRJ SXWD %XGXUL RERGQL QDVLS X GXOMLQL FFD
SRpHYaL RG REDOH ULMHNH 'UDYH QD ]DSDGQRP GLMHO
nepravinom lukX J]DYUabDYD QD REDOL ULMHNH 'UDYH LVWRpPQRJ
EUDQMHQR SRGUXpMH QDVHOMD .DUDALFD

Slika5. ) RWRJUDILMD QDVHO M DrizorJdihiva Hivatskih vb&aG L Q H
Figure 5. 3BKRWR RI VHWW O H P H3MWrceDHNat&KkeFvBdelafthive

S8UHYHQMHP YRGQRJ UHALPD VOLYD NDQDOD 3HWUX&a QD S
KD SRWSXQR UDYQLpDUVNR SRGUXpMH YHULP GLMHOR
dijelom gospodrske i stambene namjene, gdje se nalaze detaljni melioracijski kanali sa
PDOLP SDGRP GQD XYMHWRYDQLP NRQILIJXUDFLMRP WHUH
FLMHYQL L SORpDVWL SURSXVWL &4HOL VH SREROMADWL
ggDGD 2VLMHND 1HSUHVWDQD XUEDQL]JDFLMD X]JURNXMH S
SRYUALQVNRJ RWMHFDQMD RERULQVNLK YRGD AaWR PR
prigradskih naselja, stambe®RVORYQLK L LQGXVWULMVNLK ]JRQD J
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obilaznice grada Osijeka. Projekt infiltraciskbUHWHQFLMVNH ODJXQH X] N
JUDGD 2VLMHND 3URMHNW UDVWHUHWQRJ NDQDOD RG
VWDQLFRP WH BURMHNW XVWDYH QD NDQDOXQWHMFMXRN

Slika6. SBUHYHQMH YRGQRJ U Htizkd?: RrivB 2K BHaW U X &
Figure 6. 5SHIXODWLRQ RI WKH ZDW H Uz+tbbrdd: Adatske Wde ldrchiizeQ D O 3|

S8UHYHQMH 3RNDDRIMDYRIR NDQDOD SR ER 0 MIRRIKD BNAREER D
VSUMHpDYDQMD SRSODYD 7UDVD PX MH XVPMHUHQD
presijeca nekoliko izrazitih depresija u kojim su izvedeni parcijalni nasipi. U svom donjem
GLMHOX WRND NDQDO MH SRG XVSRURPnNYa&sip haNdeghoy R G [
REDOL XNXSQH GXOMLQH NP 8auH VH QDOD]JL X EO
UXNDYDF 6WDUX 'UDYX NRML MH VSRMHQ V ULMHNRF
VSDMDQMH 3RUDQRYBDRINMDQDOD V ND Qb pdpiavnéalaga )R N
PRaH RWMHFDWL L WUDVRP &UQRJ JRUDY LNbRMLNDIQ DD
6WDUX 'UDYX NRG 9LAQMHYFD VDPR QHAWR QL]JYRGQLN
]D OLMHYR ]DRED-OIMIB Y3RINDRQIR N D {Hi#diidi ProbletMuHliwg Xargla
6HOFH QDURpPLWR X VUHGLAQMHP QL]JLQVNRP SRGUXpM
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Slika 7. 8UHy FB@NBIQ R-WIJIDNYR. p N R J N D Q DH2Dr: érhiv\Hbvatskih Foda
Figure 7. 5HIJXODWLRQ R} NURD DIQRWIp KR Q B:@utc® HriRaskeSvade Rrehive

=DNOMXPpDN

6LQHUJLMD LVNXVWYD L] SUHWKRGQLK XVSMHaAQLK REUD
SREROMADQMH SRVWRMHULK L L]JJUDGQMD QRYLK YRGQL
VXGMHOXMX X REUDQL RG SRSODYD RPRJXUXMH XVSMHa
podava grada Osijeka. Poplave pturodni fenomenipLMH VH SRMDYH QH PRJX L
SRGX]LPDQMHP UD]JOLpLW Lizci BdpleviirhaMmoylQ seK sveshil iHd) D
prihvatljivu razinu. lako stinancijska ulaganja sustav obrane od poplave velika, tmaa
YHUDXMKS QD NRWIHEKWDR S O D Y Dorka itk | hdpldvh je %talan proces, a
pripremaseNDGD GR SRSODYH MRa QLMH GR&aOR
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OSIJEK FL OOD PROTECTION SYSTEM
UDC: 627.51(497.543)

Tomislav Slunjskit 0ODULMD?aSHUDF

1&URDWLDQ ZDWHUV 90' IR BplavarEk® Zn, BIDOOLORijekgodta D *
2Josip Juraj Strossmayer University of Osijek, Faculty of Civil Engineghitigdimira Preloga 3,
31000 OsijekCroatia

professional paper

Summary

Flood protection, watercourse regulation and melioration activities in the water catchment area of
the Drava and Danube basin have a long and rich tradition due to the fact that man's struggle in this
region has lasted for centuries in order to protectaftde lowland areas from the mountain waters

of Krndija, Papuk and Bilogora and high water of the Mura, the Drava and the Danube. The
beginnings of the organized water economy in Croatia were precisely tied to these premises by the
establishmentR1 ©'AMXYD ]D UHJXODFLMX ULHNH 9 XN Hdsdn@yer. TheOH G
construction of the first Danube embankments dates back to the 18th century with the aim of
protecting the lower parRl % DUDQMD IURP ORKDFV WR 'UDA& tich&ahHl UV H
embankments with inadequate dimensions in the Danube basin have resulted in catastrophic
flooding in 1964, 1965, 1966 and 1972. After these floods, and especially after the flood in 1965,
significant investments were invested and the intensifinatof the construction of new
embankments and the reconstruction of existing ones in order to protect the vulnerable areas, so
today most of the embankments are stronger nd higher, with a greater degree of safety for flood
protection.

Keywords:flood proection, Danube, Drava, Osijek, Croatia
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.$.920% 92'( 2'92'12* .$1%$/% .$5%4,&% .2' 323294&$
(13.R.KM) U RAZDOBLJU OD 2006. DO 2015. GODINE

UDK: A 3

-DQMD +RUYBWQD3KBOHNVDQGUD .RpL
'RUD +R B Yr@la\Bogut?

16 YHXpPLOLAWH -RVLSD -XUMD 6WURVVPD\HUD X 2ML&®AHNX 2GM
31000 Osijek, Hrvatska

26YHXpLOLAWH -RVLSD -XUMD 6WURVVPD\HUD X 2VLMHNX )DNX
Cara Hadrijana 10, 31000 Osijek, Hrvatska

VW Uréc Q L
SDAHWDN

1D SRGUXpMX %DUDQMH IRUPLUDQL VX EURMQL YRGRWRFL L ND
YRGD V SROMRSULYUHGQRJ JHPOMLAWD D NDQDO .DUD&LFD JC
RGUHYLYDQMD NDNYRUH YRGH NDQDRP NR® WPNHMW-RXHR G RGYRDE-O M
JRGLQH UHALP NLVLND RUJDQVNH L KUDQMLYH WYDUL WH PLI
PDNURILWVND YHIJHWDFLMD .ROLpLQD RWRSOMHQRJ NLVLND X
SUROMHUHQDR@BMRR MH VPDQMLYDOD OMHWL XVOLMHG SRMDpD(
WYDUL X] SRYHUDQH NRQFHRUWKUBFNVNWH DOPHRQNROLPpLQD QLWUD!
SUROMHWQLP PMHVHFLPD &WR MH SRIJRGRYDORUBDMWHRIMX PDNU|
godine bio razvijen submerzni tip vegetacije s¥®(okrovnosti, dok je tijekom ljeta prevladavala

slobodne S O L Y D M XLenaYdibWa/d Mkupna pokrovnost makrofita bila je smanjena 40

7TLMHNRP L JRGLQH XWIKMKHIGEQHR WAXLODHPMHMIVWHINH L ELRORAE
Srednje vrijednosti ukupnog fosfora (3,948,666 mgP/L) i ortofosfata (1,192,323 mgP/L) su se
VPDQMLYDOH RG GR JRGLQH PHYyXWLP RQH VX L GDO

eutrofikacije. Kakk UD YRGH ELOD MH YUOR SURPMHQMLYD WLMHNRP
promjenama klimatskih parametara i jakom antropogenom utjecaju.

.OMXpQHNDNWHREID YRGH 2GYRGQL NDQDO .DUDALFD PDNURILWD

Uvod

.DNYR{D YRGWRAHVMHOQ®RYD MHU RYLVL R 4LURNRP UDVSRQ
.DNYRUD YRGH GDQDV MH X (XMUNR SR GEIRIDMDQDQM YR A$ULBRD )
VXVWDYH NDQDOL]DFLMH JUDGVNLK RWSDGQLK YRGD

RSWHUHIHQRWWYYLRGDYOWRLPD L GDOMH MH SUREOHP D QL
HNRORANL VWDWXV ULMHND VX WRpPNDVWL UDVSU&AHQL
GHJUDGDFLMD +HULQJ L VXU 3RGUXpPMH %DUDQMH
PUHAX XYHURMQL YRGRWRFL L NDQDOL XPMHWQR IRUPLUD

“jhorvatic@biologija.unios.hr
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SROMRSULYUHGQRJ JHPOMLAWD -HGLQL SULURGQL YR
VWDULK NRULWD 'UDYH L 'XQDYD 8NROLNR VX X SRY
vrijednos WL ELRNHPLMVNH SRWURAaAQMH NLVLND %3. L
]DJDYyHQH RWSDGH YRGH RSWHUHUHQH VX RUJDQVNLP
XQRV GXALND L IRVIRUD X YRGQD WLMHOD X]JURNXMH S
HNRMWIRKE SURPMHQD NRMH UH]XOWLUDMX JXELWNRP ELC
UDJOLNH X YRGRVWDMX WH aLULQL L GXELQL NDQDOD
UDJYRM YRGHQH PDNURILWYV,N6D8Y. thdiketWgrDfekaMdH 1D BRP iz H QM
su koliformne bakterije, a mogu biti aerobne ili fakultativno anaerobne. Prema otpornosti
na temperaturu dijele se na ukupne i fekalne koliformne bakterije (Kuna i sur., 2014).
&LOM RYRJD UDGD ELR MH RGUHGLWL NB N B&anX katdR GH
mjesta Popovac (13.km) na temelju fizikalnekemijskih svojstava vode (2008015.) i
PLNURELROR&GANLK SRND]WWHOBDROMHUH L OMHWR
vodene makrofitske vegetacije.

Materijali i metode
SRGUXpMH LVWUDALYDQMD

,VWUDALYDQL ORNDOLWHW 2GYRGQRJ NDQDOD .DUDALF
U NP 6O0OLND 2GOXNRP 90DGH 5HSXEOLNH +UYDW)
VYUVWDQ MH X 3RSLV YRGD , Ueth&mdnX tijlad (NxrGdoedridowm,H Y
2GYRGQL NDQDO .DUD&LFD SULSDGD YRGQRP SRC

rijeka Drave i Dunava, ektotipuHRB $ QHSRVUHGQH VOLRYQH SRYU3ELQ

Karasicd

- postaja
o e
av 0 Sk Popovac

Slikal. 3BULND] YRGRWRND X VOLYQRP SRGUXpMX 2GYRG
Figurel. :DWHUFRXUVHYVY LQ WKH FDWFKPHQW DUHD RI WKI
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Fizikalno-kemijska svojstva vode

8 2GYRGQRP NDQDOX .DUD&LFD NRG 3RSRYFD U NP +]
PROQLWRULQJ RGQRVQR MHGQRP PMHVHPQR X]JRUNXMX SRYU
R YRGDPD 11 =D XWYUYLYDQMH NDNYRUH YRGH DQDOL

voda, VGO za Dunav i donju Dravu Osijek za razdoblje 22085. godine SRPRUX DQDOLWLp
PHWRGD |]D DQDOL]X ILILNDOQR NHPLMVNLK SRND]DWHOMD
10523:2012), BPK(HRN EN 18991:2004), KPKkMn (HRN ISO 15705:2003), amonijak (HRN

ISO 71501:1998), nitrati (HRN ISO 7890 XNXSQL I&5@I5663:2001+Ne

N+NOs-N), ofosfati (HRN 1SO 6878:2008) i ukupni fosfor (HRN I1SO 6878:2008). Kategorije
HNRORANRJ VWDQMD QD WHPH O MemijskiR N kzii)skiHekeMddatk VQR Y Q |
NDNYRUH RGUHYHQH VX SUHPD 8UNMNG&19)RaulidaR.Q GDUGX NDNYF

Tablica 1. *UDQLpPQH YULMHGQRVWL HNROR aMdnijské WdkaQaelex]D RVQRY
vrijednosti50RJ SHUFHQWLOD 11 8UHGED R VWDQGDUGX N
Table 1. Borderline values for assessing ecological stateoring to the fundamental physical and
chemical indicatorsvalues of the 50th percentile (NN 66/E&gulation on water quality standard)

Zakiseljenost 5HALP NLY Hranjive tvari
Ekoregija | Kategorija ) - oo | Ukupni | .| Ukupni
Panonska| HNRORAN F pH BPKs | KPK-Mn | Amonij | Nitrati N o-fosfati p

HR-R_2a 7,4 18,5 2 2,5 0,1 1 14 0,09 0,13
Dobro 8,5 9,0 5 55 0,3 2 2,6 0,2 0,3

OLNURELRORAGND DQDOL]D YRGH

OLNURELROR&NL SRND]DWHOML RGUHYLYDQL VX MHGQRP PN\
na PMHUQRM SRVWDML 3RSRYDF X UD]JGREOMX RG GR

GRELYHQL RG +UYDWVNLK YRGD 9RGQRJRVSRGDUVNL RGMI
broj ukupnih koliforma (HRN EN ISO 966B.2014), fekalnih koliforma (*HRN EN ISO

9308 L LVSU L DHUREQLK EDNWHULMD f& +51 (1

Vodena makrofitska vegetacija

8]RUNRYDQMH PDNURILWVNH YHIJHWDFLMH SURYHGHQR MH
2GYRGQRJ NDQDOD .DUD&LFD XM'KXGQDL®HDQR K VHWHRIONDA N KRS
m. Biljke su sakupljane direktno branjem iz vode i grabljama. Proljetno uzorkovanje
obavljeno je lipnju, a ljetno u kolovozu 2015. godine. Popisane su sve vrste makrofita i
SURFLMHQMHQD MH QMLKRYD sfupanjgkX Skalel HrerraV Kehle3lR P R U X
(Narodne novine, 73/13, 151/14 i 78/15).

Rezultati i rasprava
5HALP NLVLND L KUDQMLYH WYDUL

.DNYRUD YRGH ELOD MH WLMHNRP LVWUDALYDQRJ UD]JGREO
RYLvLOD MH R SURPMHQDPD NOLPDWVNLK SDUDPHWDUD |
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NROLPpLQD RWRSOMHQRJ NLVLND X YRGilsmahpilase ke@® MH
VUHGQMD YULMHGQRVW |JDVLOUHQRVWL YRGH NLVLNRP EL
razdoblja (Tablica 3). Prema vrijednostima ¥90RJ SHUFHQWLOD ELRORANH S
mg> O GREUR HNRORAaNau raxiidbi{p 20828 R M&\2D 1320903V dgddine.
SBUHPD NHPLMVNRM SRM hg&@QMLGRIEWWRNBINRBOR&NR VWDQI
X JRGLQL GRN X RVWDOLP JRGLQDPD QLMH SRVWL.
VWDWLVWLPpNDWOQYPODMNORDU IQBIDFLMD L]PHWNO RWBZIHBOMHQF
p =0,006), amonijaka (r = S L RUJD Q V,RW; XGA3X)CPrebha
vrijednostima pH (74 YRGD 2GYRGQRJ NDQDOD ELOD MH X Q
S R GW A priyednosti 5@o0g percentila za pH ukazuju na vrlo dobro stanje vode u cijelom
10 JRGLAQMHP UDJ]GREOMX 7DEOLFD

25 4
BPK5
20 -
y =-0,0277x + 7,220
_ 15 | Zg A iUIGIR
o' |
(@]
€ 10 4»
PULPLTLY
W TR ]
S ! A l‘l"r fl",'"l‘lll' !) m’:-!
0 7 5
200620072008, 2009.2010,2011/2012,2013,2014/2015,
25 4
KPKMnN
20 -
y =-0,0328x + 9,8919
<15 | [§ Zg A iUIBO
(o)
(@]
S

200620072008, 2009.|2010,2011,2012,2013/2014/2015)

Sika2. OMHVHpPQH YULMHQMRIQNVQ EL REREMM N %% S RWULRSOWMH NLVLN

2GYRGQRP ND QD Pogoviau RAIIHIPER G JRGLQH &UWD R]QDpDYD OLC
Figure 2. Monthly values of biological (BO§mg Q/l) and chemical oxygen demand (C®D, mg Q/l)

LQ WKH 'UDLQDJH &DQDO .DUD&ALFD QHDU 3 R$énhy Iné (R0R0B). W I
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ULMHGQRVWL NRQFHQWUDFLMH DPRQLMDND X 2GYRGQRP
su u razdoblju 200&015. godine dozvoljenu vrijednost-80 RJ SHUFHQWLOD ]D H
NDWHJRULMX GREUR ((abliédaRIO R MRRD M WHDIDM BULMHG QR VW
XWYUYyHQD MH (8lika3, TDEGLRD I1DMYLaAH YULMHGQRVWL DF
u ljetnim mjesecima (srpaiNRORY R] A&WR PRAH ELWL SRVOMHGLFL
UD]JJUDGQMH QDWDORAHQH RUBHPAVWNKX SWIRGRKDOHGYPWR)
WHPSHUDWXUH 3UHPD XWY U @Ha3) PSOtdunLpereeati@ Ravhitrdtd® D Q L W L
(TDEOLFD YUOR GREUR HNROR&NR VXR0DQdddineX2W0OUyHQR N
godine, 20112012. te 2014. godine, aBRIEUR H N R O R & N Rgodiw, Q@04 iH0X5.

JRGLQL 9ULMHGQRVWL XNXSQRJ GX&LND GHR PJ 1
PJ3 O ELOH VX RDHMAYNXIH.\QDUB ALY D QR Jhbligd Bz REEM@MD 60L
JUDQLPQLP YULMHGQWUBQMMBPD] B NMRNXBENR G XaLN 11 Gl

VWDQMH ELOR MH X L JRGLQL GRN X RVWDOLP LV
nije bilo dobro.

35
3 Ukupni P
y =-0,0073x + 1,3773
2,5

200620072008, 2009.2010,2011/2012|2013|2014,2015,

Ortofosfati
15 1 y =-0,0027x + 0,6788 ¢

| Zg A iUIdN(
l f
1.4 f
| .‘1 K,
0,5 'l‘ ' ‘F'!

200820072008.2009.2010,2011|2012,2013/2014/2015,

mgP/|
H
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12 -
Ukupni N
10
y =-0,001x + 3,3514
<8A Zg A iUIIIT
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Slika3. OMHVHpPQH YULMHGQRVWL XNXSQRJ IRVIRUD RKAWRIRVI
QLWUDWD PJ1 O L X 2GYRGQRP NDQDOX .-2D10yadireD 3 RSR)
&UWD R]QDpDYD OLQLMX WUHQGD 3!
Figure 3. Monthly values of total phosphorus, orthophosphate (mg P/l), total nitrogen, ammonia,
DQG QLWUDWH PJ 1 O FRQFHQWUDWLRQV LQ WKH 'UDLQDJ
2015. The line denotes a trend line (P> 0.05)
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Tablica2. 9ULMHGQRVWL SHUFHQWLOD ]D SURFMHQX HNRORANRJ
prema osnovnim fizikalno kemijskim pokazateljima u razdoblju 2@04.5. godine
Table 2. Values of the 50th percentile for assessing the ecological status of the Dr&agje
.DUD&GLFD QHDU 3RSRYDF DFFRUGLQJ WR WKH IXQGDPHQW!I
the period 2002015

5HALP NLV Hranjive tvari
God. pH BPKs | KPK-Mn | Amonij [ Nitrati [ Ukupni N [ o-fosfati | Ukupni P
mgGOy/| mg N/I mgP/I
10,8 13,30 0,54 3,894 1,345 2,439
6,55 7,35 1,25 3,597 0,393 1,399
5,85 8,22 0,49 1,356 3,086 0,397 1,004
4,80 9,00 0,38 1,356 1,45 0,455 0,646
4,50 5,80 0,32 1,32 2,254 0,198 0,374
4,11 5,65 0,35 2,955 0,275 0,505
5,75 10,90 0,80 3,297 0,838 1,38
4,05 5,30 1,062 2,454 3,4195 0,275 0,861
4,14 5,70 1,009 3,338 0,647 0,71
3,40 6,85 0,458 1,54 3,705 0,228 0,428

Tablica 3. Minimalne, maksimalne i srednje vrijednosti fizikalnih i kemijskih parametara vode
2GYRGQRJ NDQDOD .DUDALFD NRB®ISR&M¥ FD X UDJGREOMX
Table 3. Minimum, maximum and average values of the physical and chemical water parameters of
the DrainagH &DQDO .DUDaLFD QHDU 3RBBYDF LQ WKH SHULRG

Godina [ 2006. | 2007. [ 2008. [ 2009. | 2010. [ 2011. [ 2012. | 2013. [ 2014. | 2015.
0,8 4.1 3,2
Temp. |32 |33 | 5232 | 36218 (13153’%8 222|235 | 3% |6924 | 269
vode'C | (17 o) | (as7y | (15:12) | (15.431) | | §11,972 §15,125 1eg | (16:15) )(13,483
2,9 1,9

0, 182 |2784 | 3133 | 329 2414 | 776 2589 | 2285 | 1593 | Tg
(mgo/) | (284) | (553) | (7.92) | (5.162) | (B.O69) | ;50g | (BAT5) | (4.2) (439) | 755
cPVEY 108 | 286 | 3257 | 335 | 259 | 296 | 225 | 223 | 173 | 217

81,3 73,9 113 1009 | 124,77 | 97,8 90,5 71,6 76,4 94,7
O, (%)
BPKs 0,5 2.1 41 18 16 2.27-
mgQy/l 15,5 10,1 10,4 1391 10,8 2,173 19,6 3193 14 1495
KPK-

7,9 5.4 45 35 54 3,1 2,8
Mn ’ : ' 5,7-11,6 : 3,7-10 ; 4,892 ' :
oo | 17 12,4 11,4 13,4 23,3 10,2 12,3
Amonij 0,1- 0,1- 0,1- 0,12 003 | 012 | 008 | 027 | 1,15 | 00F
(mgNll) | 46 3,0 18 0,9 1,37 1,12 2,69 5,29 3,5 3,32
Nitrafi 023 | 045 | 068 0,1- 0,1 0,1- 0,1- 0,70 0,1 0,04
(mg N/l | 4,07 1,81 181 | 7224 | 3718 | 316 | 0642 | 519 2,72 48
Ukupni | 2,23 | 1,058 | 19L | 086 0,65 | 102 | 128 | 1,90 | 194 | 089
N (mg/) | 10,6 6,8 7,54 8,51 4,33 4,26 5,33 6,48 5,06 5,51
ofosfati | 0,24 | 007 | 023 | 014 0,1- 0,16 0,1- 0,28 0,1- 0,04
(mgPN) | 1,74 1,01 1,23 0,71 0,71 0,98 1,25 16 1,52 0,98
gk”p”' 072 | 046 | 046 | 029 | 023 | 029 03 022 | 012 | 014
(maPl) 3.4 2,56 7,86 151 0,97 14 1,85 2,12 18 2,62
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Vrijednosti ortofosfata i ukupnog fosfora u cijelom suJRGLAQMHP UD]GREON
IRVIDWD X JRGLQL YUEZHY/WUHXEREYRHOIDNROHRENRJ
VWDQGDUGX NDNYRUH YRGD 11 DOL VX VH RG

pokazuju i linije trenda (kka 3). Smanjenje hranjivih tvari vjerojatno je posljedica boljeg

SURpPLAUDYDQMD RMOSRORG QL& DARNMGLIDU X GDNRQ L]JJUDGQMH
OHYyXWLP LIPMHUHQH YULMHGQRVWikaR T&8IRd R)\ukBzWWD L X
GD MH RQHpLaUHQMH L GDOMH SULVXWQR L SRND]DWHC

OLNURELRORAND DQDOL]D YRGH

OLNURELRCGWANRHIHQMH 2GYRGQRJ NDQDOD .DUDA&LFD
2006. prema 2009. godiiit DEOLFD AWR VH WDNRYHU PRaH SU|
SURpPLAUDYDQMD NRPXQDOQLK RWSDGQLK YRGD JUDGD
koliforma i fekainLK NROLIRUPD GRVWL]DR MH X YRGL NDQD
000/100 ml Tablica 4).2WSDGQH YRGH PRUDMX QDNRQ SURpLaAC
VWXSQM SURpLAUDYDQMD V REJLURP QD PLNURELRORAE
JUD QL pQ HstiYod LAVAO@EIQRmI koliformnih bakterija i 2000/100 ml koliformnih
EDNWHULMD IHNDOQRJ SRGULMHWOD GD EL PRJOH EL
JUDQLpPQLP YULMHGQRVWLPD RSDVQLK L GUXJLK RW
94/2008).Fekalni koL IRUPL LQGLNDWRUL VX IHNDOQRJ RQHpLa
ULJLNRP ]D ]JGUDYOMH OMXGL NDGD VH QDOD]H X YHULF
za rekreaciju, navodnjavanje, preradu poljoprivrednih proizvoda, ribarstvo i upotrebu u
G R P D lim&Mwd health statistics, 2014).

Tablica 4. Minimalne, maksimalne i srednje vrijednosti ukupnog broja koliformnih bakterija i
IHNDOQLK NROLIRUPD X 2GYRGQRP NDQDOX ODAEALFD
godine

Table 4. Minimum, maximum, and average values of the total coliforms and fecal coliforms in the

'UDLQDJH &DQDO .DUD&ALFD QHDUQOWRSRYDF LQ WKH SHU

2006. 2007. 2008. 2009.
Ukupni koliformi 0-160 000 | 79160000 | 11054000 | 160035000
(CFU/100 ml) (51 128) (22407,9) | (15841) (8 933,3)
Broj fekalnih koliforma 0-160000 | 27-160000 | 7917000 | 110-11 000
(CFU/100 ml) (23 208) (17173,7) | (2829,9) (8 933,3)
. . - o~ | 786043530 | 31039040 | 102019850 | 184019 280
Broj aerobnih bakterija 2ZC (CFU/mI 22°C) (28 384) (10 421) (7 110) (9 693,3)
Vodena makrofitska vegetacija
8 SUROMHUH L OMHWR JRGLQH UD]YLMHQD MH YHJI

SULURGQRM YHJHWDFLML QLJLQVNLK WHNXULFD 8 S
pokrovnost malafita (90 %), a dominirao je submerzni tip vegetacije koji se tijekom
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YHIHWDFLMVNH VH]JRQH SRpLQMH SUYL UDAotdomddetdhl. 3 UHY (
pectinatus 6 QHAWR PDQMRP SRNURYQRAUXCeHBRMPYNOMLYDOF
demersumPotamogeton crispus Sagittaria sagittifolia 8 SRYUALQVNRP VORMX \
SRNURYQRAaUX SRMD YenkblLnvimdOUdmuaXgibbd ¥IUWKRWNRP OMHWD QL
je smanjena ukupna pokrovnost makrofita (40 SUHYODGDYDOD MH VORERGQF
L. gbba D X VXEPHU]QRP VORMXC] Defrle®uhA.3dec@inatus . YUV WH
crispuskoje su se pojavljivale rijetko. lako je broj pokazatelja eutrofikacije tijekom ljeta

ELR YHUL QHJR X S U RoD ikupinddje pokrovnost bila tijekom ljeta njea

(41 QHIJR X SUROMHRND]|DWHOML SRUHPHUDMD XNDI]XM
SUHYODGDYDMX QD VWDQLaAWX D SULND]DQL VX NDR XGLF
eutrofikacije i potamalizacije (pokazatelji usporenja toka) u ukupnom brojurbpogsti

VYLK DNYDWLpNLK YUVWD WLMHNRP SUROMHUD L OMHWD
SRWDPDOL]DFLMD RGQRVQR XVSRUHQMH WRND QDMYDa
SRND]DWHOMD SRWD P%,@Qdtd P& L M HQ MSLULKRRDD R XY MH VSMLR O M H U H
ljeto 23%) u odnosu na ukupan broj vrstaadla tijekom ljeta (i&ka 4).

%0 (E } (
| Eutrofikacija
W Potamalizacij
Ostalo

ljeto

e

Slika4. 3BULND] XGMHOD XpHVWDORVWL SRND]|DWHOMD HXWURILN
OMHWD JRGLQH X 2GYRGQRP NDQDOX .DUDALFD NF

Figure 4. Frequency (%) distribution of eutrophication indicators and potamalization during spring
andslPPHU R LQ WKH 'UDLQDJH &DQDO .DUDALFD QHD

=DNOMXpFL

.DNYRUD YRGH X LVWUDALYDQRP UD]JGREOMX RYLVLOD MH
MDNRP DQWURSRJHQRP XWMHFDMX .ROLPLQD RUJDQVNLK
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pokazatelaLPDOD MH QDMpH&UH VH]JRQDOQL NDUDNWHU
vodostaja, odnosno protoka vode u kanalu. Submerzna vegetacije bila je razvijena u
SUROMHUH V YHOLNRP SRNURYQR&a&UX D WS OMHNDRPX I
vegetacija, a pokwnost je bila smanjena.

BUHPD NROLPLQL KUDQMLYLK WYDUL VSRMHYL GXAaLNI
HNROR&NR VWDQMH NDQDOD .DUDaLP@5NJRdhed&BiBY FD
dobro Vrijednosti ortofosfata i ukupnog fosfora susseanjivale tijekom 10JRGLaAQMH
UDJGREOMD DOL VX L GDOMH ELOH YLVRNH L SRND]L
NOLPDWVNLK SURPMHQD L SRWUHEH ]D QDYRGQMDYDQ
cielomWRNX 2GYRGQRJ NDQDOD .DUDA&LFD
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:$7(5 48%/,7< 2) 7+( '5%,1%*( &$1%/ .$5%4,&9% 1($5
POPOVAC (13TH R. KM): A TEN -YEAR ANALYSIS (2006-2015)

ubC A 3

-DQMD +ROHNMWDIZKOHNVDQGWD .RpL
Dora + R U Y Dlwlla (Bogut®

Josip Juraj Strossmayer University in Osijek, Department of Biology, Cara Hadrijana 8/A, HR
31000 Osijek, Croatia
2Josip Juraj Strossmayer University in Osijek, Faculty of Education, Cara Hadrijana 131860
Osijek, Goatia
professional paper
Summary

7KH SULPDU\ IXQFWLRQ Rl WKH GUDLQDJH FDQDO .DUD&LFD LQ
from the surrounding agricultural land. A tgaar analysis (2068015) of the variations on water
quality parametersloxygen, organic matter, the nutrient regime, microbiological indicators,
macrophyte vegetation) was conductedhie canal at the site Popovac (13th r.km). The amount of
dissolved oxygen in the water was higher in the colder part of the year and desigag@antly

in the summer due to intensified microbiological degradation of organic matter and increased
ammoniumN concentration. The amount of nitrate was the highest in the spring months, favoring
the development of macrophyte vegetation. Thus, énsgring of 2015, a submerged vegetation

type with 90% coverage was developed, while the-fieaing Lemna gibbgprevailed during the
summer when the overall coverage of the macrophytesreduced40%). During 2006 and 2012,

the highest values of chegail and biological oxygen consumptiovere determinedThe mean

values of total phosphorus (3.99/666 mg/L) and orthophosphates (1.489323 mg/L) have
decreased from 2006 to 2015 but remained high indicating eutrophication. Water quality was
variable oer the years and was dependent on the changes in climate parameters as well as strong
anthropogenic impacts.

Keywords:ZDWHU TXDOLW\ 'UD LQdrdphyFel euléphicatlom & L F D
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UTJECAJ POLJOPRIVREDNIH | KOMUNALNIH OTPADNIH VODA NA
RAST VODENE /(G ( LEMNA MINOR L.)

UDK: 628.3(497.543)
'RUD +RUYDWYQPD?3HD@MD +’RMANiDaWarga?

'16YHXpLOLEWH -RVLSD -XUMD 6WURVVPD\HUD X 2VLMHNX )DI
Hadrijana 10, 31000 Osijek, Hrvatska
26 Y H X p ld8ihea Wrla Strossmayera u Osijeku, Odjel za biologiju, Cara Hadrijana 8/A, 31000
Osijek, Hrvatska

VWUXPpQL UL

SDaHWDN

SBROMRSULYUHGD L XUEDQL]DFLMD ]QDpDMQR XWMHpPpX QD NY
u Baranji glavni je prijemnikVOLYQLK YRGD SROMRSULYUHGQRJ SRGUXPpN
XQRV UD]JQLK RQHpLAUXMXULK WYDUL X RYDM YRGRWRN R
parametara. Tijekom jedne godine, svaki mjesec su na dvije postajet (®id utjecajem
poljoprivrednh voda i S2 +pod utjecajem komunalnih otpadnih voda) uzimani uzorci vode za
ODERUDWRULMVNH DQDOL]JH KUDQMLYLK WYDUL SHVWLFLGD
]D LVWUDALYDQMH XWMHFDMD Re@hbprhidai ). QNdostgjifs2l00weiioyy R G H
NDQDOD .DUD&LFD XWYUYyHQH VX PDQMH VUHGQMH YULMH
vrijednosti koncentracije hranjivih tvari, organoklorovih pesticida, fekalnih koliforma i bakterije
Escherichia colinego na postaji S1. S drugeane, vrijednosti organoklorovih pesticida i njihovih
SURGXNDWD UD]JJUDGQMH EL O L-kemxjske kalakt@ridtile Rixokdka Mbde 68 ove) L] L
postaje pokazale su se stresnim za kashinor L GREUR VX NRUHOLUDOH V ELRI
VDGUADM NDURWHQRLGD L NORURILOD WH SHURNVLGDFLMD ¢

.OMXpQHNDINWRI[EID YRGH 2GYRGQL -8 qbiliicijiaDddtB aLFD /HPQD
Uvod

2GYRGQL NDQDO .DUDALFD X %DUDQML JODYQL MH S
SRGUXpPMD L NREX QK YQRIGKD RVRITH XWMHpX QD NYDOLW
SRGUXpPMX 2GYRGQRJ NDQDOD .DUDALFD SROMRSULYU}
&25,1( /IDQG &RYHU +UYDWVND L VYH VH YL&H

SURL]YRGQMRP KUDSRYHWR)BRBREGWIGRND QD RNROLA

YUHPHQX SDGQX YHOLNH NROLpPLQH RERULQD PRA&H

SULWLVND QD NDQDOL]DFLMVNL VXVWDY GRiUL GR SRM
5LR L VXU QMDH RGUBBIY®QLK HNRORANLK XYMHWI
NRSQHQLP YRGDPD PDNURILWL LPDMX YDAQX XORJX (
SURL]YRYDpPD L QDOD]H VH SUL GQX KUDQLGEHQLK ODC

“dora.horvatic@gmail.com
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QHIJDWLYQL XpLQ¥UNR®D PBINWWDFLML PRJX QDUXAaALWL I.
HNRVXVWDYD OHYyX QMLPD DNYDWLDpQUemParéael RDMWIM QR M L
VX HNVSHULPHQWDOQL PRGHOQL RUJDQL]JPL L] QHNROLNR
male biljke, imaju visok sfpanj homogenosti te se lako uzgajaju u kulturama. Zbog visoke
VWRSH UDVWD YULMAHdaRR) X Gsolkdy Wapbxitetd @ivbulacije vrlo su
RVMHWOMLYH QD SURPMHQH KUDQMLYLK L WRNVLPpQLK WY
6WRJD MH ]D GRELYDQMH SRWSXQLMH VOLNH NYDOLWHWH
NDQDOD .DUD&LFD NRULAWHQ /HPQD WHVW NDR MHGDQ R
WRNVLEQBMWRYRJ UDGD ELR MH LVWUDAaDbWAiXWKHRD W YDIL
YRGL L] RNROL&D Q D nurdAN. YW akRp&rihenithlrdnHuljetima.

Materijali i metode

8]RUFL YRGH X]JLPDQL VX X 2GYRGQRP NDQDOX .DUDALFD ¢
U NP L SRVWDML 6 L]PH=Bianjitod ORa (rkd QE&xY68)L UD L
8]RUFL YRGH X]LPDQL VX MHGQRP PMHVHPQR WLMHNRP
JRGLQH QD YHUWLNDOL VD VUHGLQH NDQDOD X]YRGQR
uzorkovanje po Van Dorn volumena 2,2 |. Koncentracija otoplfnkisika mjerena je na
WHUHQX SRPRUX SULMHQRVQRJ PXOWLPHWTI&éhnische 0 XO WL
‘HUNVWIWWHQ :HLOKHLP 1MHPDpPpND OMHNHM@Mi#h NRQFHQ
(NO2-N) i nitratnih (NQ-1 LRQD RUJDQVNRJI-NpXANXSQR W HIOXGEDLKO
XNXSQRJ IRVIRUD REDYOMHQR MH X (NROR&ANRP ODERUD)
VWDQGDUGQLP PHWRGDPD 8]J]RUFL YRGH |]D DQDOL]X PLNU
i za Lemna test uzimani su u svibnju, rujnu i studenom 2015. tsl ep L JRGLQH
8NXSQL RUJDQRNORURYL SHVWLFLGL 2&3 RGUHYHQL V
6468:2002; fekalni koliformi prema HRN EN ISO 9308 Escherichia colprema metodi

MBV 020 REV 4, a sve su analize napravljene u Zavodu za javno 23R 2VMHpPNR
bDUDQMVNH aXSDQLMH

ODOD YRGHIQMn@HKBUNRYDQD MH X GUHQDAQLP NDQDOLI
BULOLNRP XYRVHQMD Y RGWrQ P006 Hyddihe XbiljkeX € \Wtarilizikane
HWDQRORP L ALYLQLP NORULGRP SUHPD .UDMQpLU L 'HYLG
XYMHWLPD X /DERUDWRULMX ]D HNRIL]JLRORJLMX ELOMDN
Jurja Strossmayera u Osijektia dugRWUDMQX NXOWLYDFLMX YRGHQH OH
Seidel hranjiva otopina (Pirson i Seidel, 1958)za eksperiment hranjiva podloga po

Steinberg X =D RGUHYyLYDQMH XWMHFDMD YRGH V LVWUD
supkultura zdrave kolonije @l hranjive otopine po Steinberg(1946) u tikvici od 3 I.

Nakon 14 dana nova supkultura dobivena je prebacivanjem 30 zdravih kolorojauu n

tikvicu od 3 1.

Za potrebe eksperimenta; 2 NRORQLMH YRGHQH OHUH VX QDVDYLYL
komorica (JeBio-Filtration) volumena 15 mijika 1), u koje je prethodno dodano po 10

PO X]JRUNRYDQH YRGH NRDRRYHMH WRGHQH OHUH SUHEDDI
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KUDQMLYRP RWRSLQRP SR 6WHLQEHUJX -t sR M H
proveden je u uzgooj komori u kontroliranim uvjetima temperature (251 f& L
RVYMHWOMHQMD NRQWLQXL U D&d3, Rhitips AILYD GIROYEVIL3O W H Q
W, hladno dnevno svjetlo). U Lemm& HVW X RGUHYLYDQD MH VYMHAL
2006), koncentra@ proteina (Bradford, 1976), koncentracije fotosintetskin pigmenata
prema LichtenthaletX L NROLpLQD PDORQGLDOIGIHaikerD 0
(1968).

Slika 1. Kultivacija L. minoru komoricama ® MDALFD WLMHNRP HNVSHU
Figure 1. Cultivation ofL. minorin 6 wdl plates during the experiment

Rezultati i rasprava
Fizkano NHPLMVND VYRMVWYD YRGH L PLNURELRORANL SF

1DMYDaQLML NOLPDWVNL HOHPHQWL NRML VX XWMHFD
LVWUDALYDQRP UDJ]GREOMX VX WHPSHUDWXUD L SDGD!

X VYLEQMX PP L OLVWRSDGX PP 0JRGL
LVSLUDQMH KUDQMLYLK L RQHpLaAauXMXuLK WYDUL V ¢
RUJDQRNORURYLK SHVWLFLGD X VWXGHQRP JRGLQ

YRGRWRFLPD PRA&H YDULUDWL WLMHNRP YUMMPHBRD L
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autohtonog ili alohtonog podrijetla (Ahearn i sur., 2005). Tako su oborine u svibnju 2015.
JRGLQH UDJULMHGLOH KUDQMLYH WYDUL X 2GYRGQRP NDQ
YULMHGQRVWL X RGQRVX QD RVWD&XH PQIMVHLFKH WWODLNDX W
QD SRVWDML 6 8 SUROMHWQLP PMHVHFLPD KUDQMLYH W\
WURA&H ]D UD]Y R Moddng\hials @iBke MgeRGE® L

14
m NH-N S1
12
NGO, +NO,
10 m Ukupni N
=8 m Ukupni P
(@]
=
4
2 I
0 .- _ I —_ — m_

svi.2015. ruj.2015. stu.2015. velj.2016.

B NH-N
12 M
NO+NG,
10 m Ukupni N
m Ukupni P

svib. 2015. ruj. 2015. stu. 2015. velj. 2016.

mg/I
N S (o2} (o]

o

Slika 2. Koncentracija nutrijenata (NN, NOs+NO,, ukupni N iukupni P) u vodi s postaja S1i S2
X VYLEQMX UXMQX L VWXGHQRP WH YHOMDpL
Figure 2. Concentration of nutrients (NHN, NOs+NO,, total N and total P) in water at sites S1 and
S2 in May, September and November 2015 and February 2016.
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AntURSRJHQL XWMHFDM L QDpLQ NRUL&AWHQMD JHPOMLA&)
NYDOLWHWL YRGH 2GYRGQRJ NDQDOD .DUDALFD awRr
(Slika 2, Tablica 1), fekalnih koliforma i bakterijg. coli (Slika 3B, Tablica ) na postaji

S2 nizvodno od ispusta komunalnih otpadnih voda, nego na postaji S1. Na postaji S2
LIPMHUHQD MH X NRORYR]X JRGLQH QDMYHUD NRQ
(Tablica 1). Prema dobivenim rezultatima prisutnih hranjivih tvari, ssgji prije ispusta
komunalnih otpadnih voda (S1) postignuto je dobro stanje vode, dok su na postaji nakon
ispusta otpadnih voda (S2) koncentracijesNNH NOs+tNO»-1 L XNXSQRJ 1 ELOH Y
S RY H Umalfidd 1,Slika 2).

Tablica 1. Minimalne, maksimalne i srednje vrijednosti fizikatkemijskih parametara, kao i
fekalnih koliforma te vrsté&scherichia colitijekom 2001516. godine na postajamd S
L6 2GYRGQRJ NDQDOD .DUDA&LFD
Table 1 Minimal, maximal and average values of physiatl chemical parameters as well as fecal
coliforms andEscherichia coliduring 20152016 at Sites S1 and S2 aKH .DUDA&LFL
Drainage Canal

Parametri Postaja S1 Postaja S2

Otopljeni kisik (mg/l) 0,956,67 (3,19) 0,854,29 (2,108)
Amonijak (mg N/I) 0,01-0,739 (0,119) 0,0353,789 (1,177)
Nitrati (mg N/I) 0,0276,369 (1,687) 0,00314,087 (4,141)
Nitriti (mg N/I) 0,0020,066 (0,022) 0,0020,813 (0,132)
Kjeldahl N (mg N/I) 0,2810,36 (1,781) 0,2810,64 (3,664)
Ukupni N (mg N/I) 0,2810,45 (2,745) 0,2813,97 (6,417)
Ukupni P (mg P/l) 0,0943,01 (0,734) 0,1694,512 (1,477)
Fekalni koliformi (cfu/100 ml) 20-700 (238) 42045000 (14855)
Escherichia coli 5-180 (69) 27040000 (12718)

lako se radi o vodotoku koji kao prijemnik oborinskih i komunalnih otpadnih voda ima
svrhu odvodnje, izuzetno velike vrijednosti fekalnih koliforma (45000 cfu/100 ml u
svibnju; 12000 cfu/100 ml u studenom)Ei coli (40000 cfu/100 ml u svibnju; 8600
cfu/100 ml u studenom) na postaji SRiKka 3 B, Tablica 1), koja se nalazi 1000 m
QL]YRGQR RG LVSXVWD NRPXQDOQLK RWSDGQLK YRG
NRPXQDOQLK RWSDGQLK YRGD %H teRjé¢ Q0P DOMbOOdD 3R
NDQDOX .DUD&LFD X VYLEQM XSlika\BVAXdeékiQeRd posljedidaR G L ¢
LVSLUDQMD SHVWLFLGD V SROMRSULYUHGQLK SRYUAal
spojevi kojima pripadaju organoklorovi pesticidi pripaddfuni poznatoj kao postojana
RUJDQVND R QH pbhésidteQtMrani8 gdlMantsRasprostranjeni su i postojani

X RNROL akaju 98 N br&hidbenom lancu.
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Slika 3. (A) Koncentracija organoklorovih pesticida (OCP) i (B) broj fekalnih koliforma (FC) u
vodi postaja S1 i S2 u svibnju, rujnu i studého WH YHOMDDL JRGLQH
Figure 3. (A) Concentration of organonochlorine pesticides (OCP) and (B) the number of fecal
coliforms (FC) in water at sites S1 and S2 in May, September
andNovember 2015 and February 2016

Lemnatest

SULUDVW EURMD ELOMDND L XN XStQIINV WX MWH&E) LP VXD S RINDN
XWMHFDMD RQHpLAUHQMD X RNROLAX EXGXiUuL GD YRGHC
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SULVXWQH X YRGL L] RNROL&AD 5DGLUO L VXU 8w
OHUH X LVWUDALYDQLP X]RUFLPD Lposk@idaRje @@anjih ND Q
koncentracija nutrijenata u vodi u odnosu na kontrolni Steirbengedij, ali i negativnog
XWMHFDMD SULVXWQLK RQHpLaAUXMXULK WYDUL X YRGI
prisutnih u vodi s postaje SSOLND RPRIJXULOH QDMpH&a&UH YHU!
koncentraciju proteinh. minoru eksperimentalnim uvjetim&i(ke 4 A i B).
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Slika4. 6UHGQMD YULMHGQRVW L VWDQGDUGQD GHYLMDFLMD $ VY

PJ J VemMge)§ (C) omjera Chl(a+b)/Cari (D) MDAP RO J VY M H.&tnhderBsieH
X X]JRUFLPD YRGH L] 2GYRGQRJ NDQDOD .DUDALFD X]HV

rujnu i studend® WH YHOMDPpL JRGLQH

Figure 4. Average values and standard deviations of (A) fresh weight (mg); (B) protein

concentration (mg/g of FW); (C) Chl(a+b)/Car ratio and (D) MDn6l/g FW) ofL. minorgrown
LQ WKH ZDWHU VDPSOHV IURP WKH .DUD&LFD 'UDLQDJ}F

September anNovembe 2015 and February 2016
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BRYHUDQD EIBDEFRYRGL GR UDJUMHYHQMD SULVXWQL
WRNVLPQRJ XpLQND aWR MH SRWYUSikaO!D) u r@riu AR QM D
na postaji S2. Istovremeno, zbog niske razine nutrijem@faostaji SISOLND $ XWYU
je manja biomasa i koncentracija proteinaminor XVOLMHG pHJD MH SRYH
SULVXWQLK RQHpLAUXMXULK WYDUL JERJ GRGDWQRJ V
Prema tome, niske razine hranjivih tvari tMilQ X SRVHEQR GXAaALND L YLVR
na postaji S1 uvjetovali su stred.uminor indukcijom lipidne peroksidacijeS(ika 4 D),
manjom  koncentracijom ukupnih proteinaS@LND % YHULP R
klorofil(a+b)/karotenoidi (Chl(a+b)/Car)Sika 4 C L PDQMRP VYMHaRP PDV
(Sika 4 A).

=DNOMXpDN

2GYRGQL NDQDO .DUDAaLFD X %DUDQML JODYQL MH ¢
SRGUXpMD L NRPXQDOQLK RWSDGQLK YRGD D XQRV U
ovisi 0 sezonskim promjenamarkiatskin parametard@ HUH NROLPpLQH KUDQML’®
V SRVWDMH 6 2GYRGQRJ NDQDOD .DUDALFD QL]JYRGQF
RPRJXULOH VX EROML UDVW RGQRVQR YHUILXmindrMHaXx
eksperimentalnim uvjietima RGQRV X QD SRVWDMX 6. mB&tdoddicde) D E L
GR UDJUMHYHQMD SULVXWQLK WRNVLNDQDWD L VPDQ
najmanja koncentracija malondialdehida. Zbog ispiranja pesticida s poljoprivrednih
SRYUALQD Ywrgdndtk®l B QRYIMKLSHVWLFLGD E LRaddtne KraMjiMaliH Q D
RQHpLAUXMXUH WYDUL X YRGL L] RNROLAD mXWMHFDC
eksperimentalnim uvjetima.
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INFLUENCE OF AGRICULTURAL AND COMMUNAL WASTEWATERS
ON THE GROWTH OF LEMNA MINOR

UDC: 628.3(497.543)
'RUD +RUYDNMMQ@D23HDOMD +RUAMBaWrga?

LJosip Juraj Strossmayer University in Osijek, Faculty of Education, Gaidrijana 10, HR31000
Osijek, Croatia
2Josip Juraj Strossmayer University in Osijek, Department of Biology, Cara Hadrijana 8/A, HR
31000 Osijek, Croatia
professional paper
Summary

Surface water quality in the Baranja county is significantly affected by agricultural practice and
XUEDQL]DWLRQ 7KH GUDLQDJH FDQDO .DUDALFD LV WKH SULPDU
wastewaters, and the input of various pollutants inte thétercourse depends on the seasonal
changes in the climate parameters. Water was sampled monthly during one year at two distinctive
sites on the drainage canal (Sflinfluenced by agricultural runoff and S2 by communal
wastewaters), and concentratioh mutrients, pesticides, as well as bacterial contamination was
determined. Standard Lemiest was performed to estimate the effect of determined contaminants
on the growth ol.emna minorL. Lower average values of dissolved oxygen and higher nutrient
corcentration were determined in the water sampled at the site S2, alongside with the occurrence of
fecal coliforms and Escherichia coli. On the other hand, organochlorine pesticides and their
degradation products were higher at the site S1. Physicochemarakteristics of water from this

site proved to be stressful for the growthlofminor and correlated well with biomarkers like
carotenoid and chlorophylls content and lipid peroxidation.

Keywords:ZDWHU TXDOLW\ GUDLQ D-ldst, giavep inbitenUD&ALFD /HPQD
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ESTIMATION OF ANTIBACTERIAL ACTIVITY
OF THE SELECTED MACROLIDES

UDC:502.1:615.331

'DMDQD .XpLjlLukdBera® ODUWLQD 0 OORAREDE,&YHWQ
ODULQNR DDAIHWMQ@D 2FHO LU PRPOAVOBYL%RODQPL

18QLYHUVLW\ RI =DJUHE )DFXOW\ RI &KHPLFDO (QJU@BHULQJ
Zagreb, Croatia
2University of Zagreb, Faculty of Metallurgy, Aleja narodnih herdj4Q00Sisak, Croatia
original scientific paper
Summary

Antibacterial resistace is currently a major global issue. Antibacterial agents, together with
antibioticresistant bacteria have been widely detected in different environmental compartments.
The activity of antibacterial agents on bacteria may differ based on bacteriasspesirain. Due

to serious infections caused by multidmggistant bacteria, in 2014, the WHO identified
antimicrobial resistance as one of the most critical challenges and serious threats to the global public
health. Thus, currently, antibacterial ateare regarded as emerging environmental contaminants,
with possible implications for human health and ecological status of the environment. The present
study aimed to determine the antibacterial activity as well as minimum inhibitory concentrations of
azthromycin, erythromycin and tulathromycin agaifscillus subtilis Pseudomonas aeruginosa

and Escherichia coli respectively, which can be found in environment. Disc diffusion assay was
used to determine antibacterial activity the selected bacteria. Three different concentrations of
antibacterial agents were used 40, 80 and 800 mg/L. Breobtained resultst can be concluded

that azithromycin, erythromycin and tulathromycin inhibited the growthBofsubtilis at all
examined cocentrations. The growth oOE. coli was not inhibited by any othe examined
antibacterial agents arttle growth of P. aeruginosawas not inhibited by erythromycin, but with
azithromycin and tulathromycin at all examined concentration

Keywords:Macrolides,Antibacterial activity, Microorganisms ithe environmentBacillus subtilis
Pseudomonas aerugingdascherichia coli

Introduction

Medicinal plants have represented an important source of new substances for drug
development since the beginning oktiXIX century (Hussein et al., 2009). Currently,
natural products stand out in the pharmaceutical industry, accounting for about 45% of all
pharmaceutical products (Kruzsewska et al., 2006; Teh et al., 2017). The advent of
DQWLELRWLFV KDG sLie8th Rtatls GnreDnQahty. Qf Gf§ tremendously.
However, overuse and misuse of antibiotics had resulted imcreased development and
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the occurrence of bacterial resistance against commercially available antibibftigie.

most microorganisms die when exposed to therapeutic doses of conventional antibiotics,
some microorganisms become resistant to these antibiotics, in addition to transferring
resistance mechanisms to their descendants (Kruzsewska et al., 2006)a Badtiit
multiple resistance mechanisms to antibiotics including decreased permeability, expression
of efflux systems, production of antibiotic inactivating enzymes and target modifications
(Teh et al., 2017). Bacterial resistance is particularly impbrtaopportunistic infections,

such as those caused Bgcherichia coliandPseudomonas aeruginasbBhese bacteria are
commonly found in hospitacquired infections. In this condition, microorganisms which
are part of the normal microbigtaan cause imfctious diseases in immunosuppressed
patients (Teh et al., 2017).

The antibiotic is a drug that kills bacteria and is used to treat infechanit is generally
harmless tothe host. Antibiotics can kill susceptible microorganisms oribiththeir

growth (Pulcini et al., 2017). Among the antimicrobial agents, macrolide group is widely
prescribed to treat various diseases. These are safe antibiotics and are useful for those
patients that are hypersensitive to penicillin and other beta lactams (Kar261 )., Like

other antibiotics, resistante this group has also been reported in other parts of the world.
Azithromycin, erythromycin and tulathromycin are classified in macrolide group
(European Medicines Agency, 2010).

Microorganisms that produce vamn® antibiotics are widely distributed in nature, where
they play an important role in regulating the microbial population of soil, water and
sewage and compost proceSscoli, P. aeruginosandB. subtilisare natural residents of
soiland weéer (. XpIGILUJLU HW DO

B. subtilisis a G+, catalaspositive bacterium, found in soil. A member of the genus
Bacillus B. subtilisis rodshaped, and can form a tough, protective endospore, allowing it
to tolerate extreme environmental conditions. Many s®eaind strains of thBacillus

genus produce a large number of substances with antimicrobial sadticluding
antibiotics. Producing more than 70 different antibiossubtilisis one of the most
important producers of thBacillus genus as some of itmetabolites show antifungal
and/or antibacterial activity against a number of phytopathogenic miemergs
(Todorova et al., 2010).

E. coliis a G- bacillus from the family Enterobacteriaceae that grows readily on simple
culture media with minimal nuents; glucose or glycerol is often sufficieB. coli is
typically first identified in the microbioldgal laboratory as a lactogermenting G rod
WKDW FDQ JURZ ERWK DHURELFDOO\ DQG DQDHURELFDOO
non-motile or motle. It is oxidase negative, produces indole, does not ferment citrate, and
demonstrates a positive methyl red test and a negative \Rvgskauer reactiore. coliis

a bacterium with a special place in the microbiological world since it can cause severe
infections in humans and animalbut also represents a significant part of the
autochthonous microbiota of the different hoBiscoli also represents a major reservoir of
resistance genes that may be responsible for treatment failures in both human and
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veterinary medicine (Poirel et al., 2018). An increasing number of resistance genes have
been identified inE. coli isolates during the last decades, and many of these resistance
genes were acquired lhorizontal gene transfer. In the enterobacterial gene goabli

acts as a donor and as a recipierthefresistance genes and thereby can acquire resistance
genes from other bacteridut can also pass on its resistance genes to other bacteria
(Poird et al., 2018). In general, antimicrobial resistanc&.ircoliis consideregsone of

the major challenges in both humans and animals at a worldwide scale and needs to be
considered as a real public health concern.

P. aeruginosas a ubiquitous Gbacteium belonging to the family Pseudomonadaceae
that is able to survive in a wide range of environmeRtsaeruginosaencodes a large
proportion of regulatory enzymes important for metabolism, transportation and efflux of
organic compounds (Pang et al.,, 8)1This enhanced coding capability of the
aeruginosagenome allows for great metabolic versatility and high adaptability to
environmental changesimong infections caused by-@®ods,P. aeruginosdas a leading

role. Antimicrobial resistance has led doserious restriction in treatment options Ror
aeruginosainfections, which has become a critical and deadly issue causing a total of
51,000 healthcare infections in the USA per year (Bassetti et al., 2018). The World Health
Organization (WHO) has rently listed carbapenemesistantP. aeruginosaas one of

three bacterial species in which there is a critical need for the development of new
antibiotics to treat infections (Tacconelli et al.,, 2017). Moreover, excessive use of
antibiotics during treatmentcceleratesthe development of multidrugesistant P.
aeruginossastrains, leading to the ineffectiveness of the empirical antibiotic therapy against
this microorganismP. aeruginosaexhibits most of resistance mechanisms through both
intrinsic chromosomnily encoded or genetically imported resistance determinants affecting
WKH PDMRU FODVVHV R Hagidangy laBin&gchbsides, \oXirdtonds Vand
polymyxins (Fujii et al., 2014).

Antimicrobial susceptibility testing can be used for drug discovery, epidemiologfoand

the prediction ofthe therapeutic outcome. A variety of laboratory methods can be used to
evaluate or screen tlire vitro antimicrobial activity of an extract orure compound. The

most known and basic methods are the-diffkision and broth or agar dilution methods
(Caron, 2012)Agar diskdiffusion testing developed in 1940, is the official method used

in many clinical microbiology laboratories for routine aritimbial susceptibility testing.
Nowadays, many accepted and approved standards are published by the Clinical anc
Laboratory Standards Institute (CLSI) for bacteria and yeasts testingdiffiskion assay

offers many advantages over other methamplicity, low cost, the ability to test
enormous numbers of microorganisms and antimicrobial agents, and the ease to interpre
the providedesults (Balouiri et al., 2B; LopezOviedo et al., 2006).

For illustrating any possible pharmaceutical activities atheamycin, erythromycin and
tulathromycin on microorganismevhich can be found in environment, the antibacterial
action of these compounds agaiBstsubtilis E. coliandP. aeruginosawas investigated

in this study.
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Materials and methods
Antibiotics

The model solution ofzithromycin, erythromycin and tulathromycin was usedhia
conducted experimentzithromycin, erythromycin and tulathromycin wepdbtained
from SigmaAldrich. The concentration of stock solution was 1000 mg/L. Working
standard saitions were prepared by diluting stock solution to the required initial
concetrations (40, 80 and 800 mg/L).

Bacterial culture

Pure culture oB. subtilis P. aeruginosaFN andE. coli were obtained fronthe culture

collection of University of Zagreb, &€ulty of Chemical Engineering and Technology,
Department of Industrial Ecology, Croatia. Bacteria were grown on nutrient agar (NA)

plates andvere LQFXEDWHG LQ WKHUP R Vfgy Aib 4B\WBVEUHHISPMH UD W X UH
aeruginosaandE. coliwere isolated from biowaste.

Preparation of bacterial suspension

Bacteria stock cultures were sStbXOWXUHG RQWR 1% SODWHYVY DQG LQFXE
The next day, the bacterial suspensions were prepared and adjusted to 0.5 McFarland
Standard. Taid comparison, the adjustment of bacterial suspensions to the density of the

0.5 McFarland Standard was done against a white backgjreitim contrasting black lines.

Antimicrobial assaytdisk diffusion assay

0.1 mL of prepared suspensionasadded omutrient agar plates and homogenized with

Drigalski spatula. Disc diffusion test was performed accordinghto NCCLS disc

diffusion method (CLSI, 2012). Briefly, filter paper discs (6 mm) were prepared from
Whatman No. 1 and sterilized by dry oven at 14& IR U PLQ 3UHSDUHG GL
different concentrations of tested agents were placed on the surface of inoculated nutrient
DJDU %LROLIH ,WDO\ 3O0ODWHYV ZHU khelzgnhE ®ferbidtid G D W ]
was measured (cm). Each experiment\waUHSHDWHG WKULFH DQG WKH A
deviation” values were calculated through Microsoft Excel 2010.

Results anddiscussion
Major factor limiting the longerm use of antimicrobial agents is resistance. Before

antibiotics era, many people died of bacterial infections caused by pathogens. Prescribing
practice of specific class of antibiotics to certain organisms has been foypidyt a
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critical role in the development of resistance® that antibiotic. Thus, anitmicrobial
resistance findings and understanding are necessary to help minimize the emergence o
multidrug resistant organisms by promoting prudent use of antibiotics.

Macrolides (azithromycin, erythromycin and tulathromycin) are antibacterial substances
which have a central lactone ring as their basic structure. Macrolides are active against
important human and animal pathogens, and their spectrum in general covers égia bact
such asStreptococcusStaphylococcy€Enterococcusind Arcanobacterium pyogeneand

some G bacteria likeActinobacillus pleuropneumoniaélistophilus somniMannheimia
haemolyticaPasteurella multocideandCampylobacter

In the present stud. subtilis, E. coli and P. aeruginosaere isolated from biowaste. It

was found thatBacillus subtiliswas sensitive against azithromycin, erythromycin and
tulathromycin (Tables 1, 2 and Bigure 1). The diameter of the inhibition zone increased
with increasing the concentrations of antibiotics. All three tested antibiotics had similar
inhibition effect onB. subtilis B. subtiliswas the most sensitive to erythromycin. Further, it
was observed th&. coliwas not sensitive to azithromycin, erythromycin and tulathromycin
(Tables 1, 2 and 3). The examined antibiotics did not have inhibition effeEt aoli
because Enterobacteriacea are resistant to macrolides and lincosamides (European Medicine
Agency, 2010, Varaa, 1993). aeruginosavas not sensitive to erythromycin. Opposite to
erythromycin, azithromycin and tulathromycin exhibit activity against thidb#&&sterium,
because it can penetrate their outer wall (Jones, Felmingham et al., 1988, 1648;

Rise and Bonomo, 2007). In this study high concentrations of azithromycin, erythromycin
and tulathromycin were examined because at lower concentrations these antibiotics did
notinhibit the growth of microorganisms.

Tablel. Antimicrobial Assay ofAzithromycin againsB. subtilis, E. colandP. aeruginosa

Antibiotic Azithromycin
(antibiotics) / mg/L 40 80 800
d (B. subtilig / cm ! “ “
d (E. col) / cm 0.0 0.0 0.0
d (P. aeruginosa/ cm ! “ “

Table 2. Antimicrobial Assay of Erythromycin againBt subtilis, E. colandP. aeruginosa

Antibiotic Erythromycin
(antibiotics) / mg/L 40 80 800
d (B. subtilig / cm ! ! !
d (E. col)) / cm 0.0 0.0 0.0
d (P. aeruginosy/ cm 0.0 0.0 0.0
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Table 3. Antimicrobial Assay of Tulathromycin agairBt subtilis E. coliandP. aeruginosa

Antibiotic lathromycin
(antibiotics) / mg/L 40 80
d (B. subtilig / cm “ “
d(E. col) / cm 0.0 0.0
d (P. aeruginosa/ cm “ “

Figure 1. Antibacterial activity of azithromycin on (8. subtilis (b) E. coliand (c)P. aeruginosa

Conclusions

In different ecosystems, organisms are developing resistance to macrolides. In this study the
influence of three different macrolide antibiotiagithromycin, erythromycin and tulathromycin,

on the growth of bacteria which can be found in the environmentgram positive bacteria,

B. subtilis and gram negative bacteiia,coliandP. aeruginosavas examined. It was found that
Bacillus subtiliswas sensitive to the examined antibiotics, wiiicherichia coliwas not.
Pseudomonas aeruginogas sensive to azithromycin and tulathromycin.
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KROMATOGRAFIJE S MAS ENOM SPEKTROMETRIJOM (GC -MS/MS)

UDK: 628.16 : 543.3
7THXWD 7RPHBLQD aLPX&AQRDULU 5RVDQGD ANYRUF 9L«

%LRLQVWLWXW G R R 5XGROID 6WHLQHUD YyDNRYHE +UYD
VWUXpQL UDG

SDaHWDN

.UDWNRODQpPDQL SROLNORUNOR®YIR DDOONNDDQL VXO LY WONR) DUIGIRERH Q H
polikloriranhn DONDQD V GXOMLQRP XJQMLCHN R WDGELHAIRVIHE®DNE R UGL &P H
70 %. Dobivaju se kloriranemmmM OND QD L QLVX SULURGQR SULVXWQL X RNRO
svojstava, R aWR VX YLVNR]JQRVW L RWSRUQRVW JRUHQMX NRULVW
PDILYD 39& SODVWLILNDWRUL L XVSRULYDpL JRUHQMD X ERMD!
SDUH L WRSOMLYRVWL X YRGL SRVWRIMINPRDVHEDRNROLA X R& MV
SXWHP SURL]YRGQMH VNODGL&AWHQMD LOL XSRUDEH 3RVWRMDC
i kancerogenost za vodene i kopnene organiz8&ie. RYRP UDGX RSLVDQD MH PHWRG
kloroalkana u vodi za ljudsk SRWUR&E&QMX SRG]JHPQLP SRYUALQVNLP L RWSI
]D LVSLWLYDQMH SULSUHPD-MXX NI HH NLV & U B pLFALIMDR/ED QWHHNPX INHU R P
stupcu, a identifikacija i kvantifikacija se provodi tehnikom plinske kromatografije s masenom
spektrometrijom (GE06 06 3UHPD YDAHULP |DNRQVNLP SURSLVLPD 5HSX|
VX VWDQGDUGL NDNYRUH RNROL&SD ]D NORURDONDQH X SRYUALC
koncentracije u otpadnim vodama. Validacijom metode je dokazana njengerpvost

namjenjenoj svrsi i zadovoljenje zahtjeva regulative te je metoda akreditirana u skladnosnno

HRN EN ISO/IEC 17025:2017.

.O M X p Q HKlddoalkaHipSCCPs, C1®& YRGD RGUHMSIN®PQMH *&
Uvod

.ORURDONDQL RBiCl},RU ArKiGstijsk& sintetizirani spojevi dobiveni

direktnim kloriranjem ralkana(Slika 1). KompleksneWHKQLpNH VPMHVH RSWLpPN
kongenera kloroalkana duljine lanca od @o G i masenog udijela klora od 30 do 70 %

proizvode se i prodaju od 19380 godina. Kloroalkani su prema duljini lanca podijeljeni u

WUL VNXSLQH NUHTW NRQ@D Qp&HOXBY &V U HGATM MOCRR)DQL &

G XJR O D Qp én@. LC&sjGandolfi i sur., 2015).

Zbog njihove kemijske stabilnosti, viskoznosti i @tposti gorenju, kloroalkani se koriste

NDR DGLWLYL ]D PD]JLYD XVSRULYDpL JRUHQMD X SODVWI
brtvila i sl. Nakon zabrane uporabe polikloriranih bifenila (eng. PCB) zamjenjuju ih u

raznim industrijskinemjesama (Carrosur., 2018).

“teuta.tompic@bioinstitut.hr
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Slikal. UDWNRODQpDQL NORURDONDQL 6&&3V
Figure 1. Short chain chlorinated paraffins (SCCPs)

.ORURDONDQL VX YUOR LQWHUHVDQWQL ]JERJ QMLKRY'}
LVSXaWDQMD X RNROL& WH ELRDRMNXVPXNLLKF LRVUH DXQ LP|D YA (
QDNXSOMDMX L SUHQRVH GX4& KUDQLGEHQRJ ODQFD )H
BUHPD ]DNRQVNLP SURSLVLPD 5HSXEOLNH +UYDWVNH
RNROLAD 6.92 ]D NORURDONDQH X NR&QdhQLFakd RV
SURVMHpPQD JRGLAQMD NRQFHQWUDFLMD 3*. L]JQRVL
NRQFHQWUDFLMD O0*. —J O 8UHGED 7TDNRYyHU
NORURDONDQD X RWSDGQLP YRGDPD NR MHsugthl jawn& X a W
odvodnje te ona iznosi 0,04 mg/l (Pravilnik, 2013).

OHWRGRORJLMD SRX]GDQRJ RGUHVYLYDQMD NORURDONDC(
MH SULOLpQR a4WXUD L MR& MH X SRYRMLPD 5D]JORJ WR
koMH VDGUAaH YL&H RG LIRPHUD 7RP\ L VXU
KLGURIREQL L VODER WRSLYL X YRGL &WR RWHADYD QM
I1DMpHaUH NRULAWHQH WHKQLNH HNVWUDNFLMWKodeD SUI
VX WHNBKNMIH-WHNKXVAMVR&EDVWHOOV L VXUHYyXWLPLRWADN:
WHNXUH HNVWUDNFLMD ]JDKWLMHYD SULPMHQX RWDS
SURpLAUDYDQMD HNWHWNDBNW H NG RN N EVMMR Nihjema X M H
NURPDWRJUDPX 1DVWDYQR WRPH X DQDOLWLFL VH
HNVWUDNFLMD SULKYDWOMLYLK ]D -R/NHRXILIEA BL N UWHRSHIND
(Castells i sur., 2003). Dobiveni ekstrakt se analizira plinskim krognatom s
detektorom zahvata elektrona (eng. -6CD) koji je osjetljiv, ali manje selektivan u
odnosu na plinski kromatograf s masenim spektrometronemijkkom ionizacijom
negativno nabijenim ionima (eng. GC/EGME) ili plinski kromatograf s dvostrukom
masenom spektrometrijom (eng. @LS/MS).
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8 RYRP UDGX RSLVDQD MH PHWRGD RGUHYyLYDQMD NORU
WHNXUH SURpPpLA&UDY D Q Mkdléni keNoerwrileDijd Wkean@ikacli@m GV L O
MS/IMS-X .DR SRGORJD UD]Y &}k NoHNY, G HzliKeRW adobvéu na
1RUPX MH X LGHQWLILNDFLML L NYDQWLILNDFLML WUD
identifikacija se provodi tehnikom GMS i kemijskom ionizacijom negativno nabijenim

ionima (eng. NCI), dok je ovdje prikazana identififaciGGCMS/MS tehnikom uz

elektronsku ionizaciju (eng. El). Kvantifikacija se prema Normi provodi metodom
XQXWDUQMHJ VWDQGDUGD D RYGMH MH NRULAWHQD NYL
Nadalje, proveden je postupak validacije metode kao dokaz privgstij metode

namjenjenoj jopvrsi (Norma, 2014; SOP, 2018).

Materijali i metode

Uzorkovanje

=D X]JRUNRYDQMH L SULSUHPX X]JRUND NRULVWL VH VWD
X]LPDMX X VWDNOHQH ERFH V UDYQLP GQRPtakleNRQXVQLP
pHSRP YROXPHQD PO :LQNOHU ERFH %RFH PRUDMX
VH SXQL GR NRQXVQRJ GLMHOD WH VH WDNR QBSXQMHQ
odnosno volumena uzorka vode.

Ekstrakcija i koncentriranje

(NVWUDNFRMWVHNYWIHNXYXHHSURYRGL GLUHNWQR X ERFL GRGDWI
(nKHNVDQ WH VH VQDAaQR PLMHAD QD PDIJQHWVNRM PLMHAI
QD ERFX VH VWDYL PLNURVHSDUDWRU 'RGD VH GRYROMQI
ekstrakcijskog otapala iz boce u mikroseparator. Organski sloj se prenese u tikvicu za

XSDUDYDQMH WH VH NRQFHQWULUD QD YDNXXP XSDULYDDpX

SBRVWXSDN pLaAUHQMD

1D GQR VWDNOHQH NRORQH VWDYL VHJpHBBNRG WD NOVHQLH
se aktiviraju ispiranjem redom s 10 ml kloridne kiseline, 25 ml deionizirane vode i 20 ml
acetona. Na kraju se kolona tri puta ispere spo 2IKIthiNVD QD 1D EDNUHQH pHVW
3 g aktiviranog florisila i 1 g granuliranog bednog natrijeva sulfata te se cijela kolona

lagano potrese da se slojevi slegnu. Tako pripremljena kolona se kondicionira s 10 ml
ekstrakcijskog otapala {meksan). Na vrh pripremljene i kondicionirane kolone se prenese
koncentrirani ekstrakt. Eluiranj¥ H SURYRGL QD Qraugtd Q. KSddoalkebi]l$2Q X
RpHNXMX Kordh#®© x(Dabliga 1). Tako dobiveni eluat se koncentrira vakuum
XSDULYDpHP SD X VWUXML GXaLND GR VXKD 1D NRQFX V
dobiveni ekstrakt se preneseEUR p L F X ¢Be béstipi GBIS/MS analizi.
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Tablical. SRVWXSDN pLAUHQMD HNVWUDNWD QD NRORQL
Table 1.Column clearup of extract

Volumen Sastav eluacijskog
Korak | eluacijskog | otapala, volumenske | Eluat
otapala frakcije
n-heptantaceton ;
a 5x 2ml (98% + 2%) Odbaci
n-heptantaceton .
b 1z 2ml (85% + 15%) Odbaci
Sakupii koncentriraj do
n-heptantaceton G
v 28 2ml suhau struji dusika te
{(50% + 50%) ;
otopiu 1,0 ml heksana.

Rezultati i rasprava
Identifikacija i kvantifikacija (GEMS/MS analiza)

Kloroalkani u uzorcima vode se kvantificiraju metodom vanjskog standarda i ekstrahiraju
RUJDQVNLP RWDSDORP-WNNXYIH NFRWVVRRSW N NXEIRIJD UHQ |
SRVWXSNRP pLA&UHQMD X VYUKX XNODQMDQMD LQWH
analizira se tehnikom G®IS/MS (Thermo Scientific, SAD, Slika 2ha kapilarnoj koloni

niske polarnosti, uz detekciju i kvantifikaciju dvostrukom masenom spektrometrijom uz
elektronsku ionizaciju (El). Kromatografski uvjeti su prikazafiablici 2. lzbormasenih
IUDJPHQDWD MH VSHFLILpDQ ]D UD]OLpPpLWH WHKQLpPNH
QDpLQ UDVSRGMHOH & DWRPD 2GDEUDQL PDVHQL VS
YUHPHQD ]DGUaADYDQMD NORURDONDQDPD&MMHN DN UL DX
VDVWDYOMHQH VWDQGDUGQH VPMHVH NRMH VOLpPpH I
UDJOLpLWLP WHKQLpPpNLP VPMHVDPD 6OLND 5D]ORJ
UDVSRGMHOH XJOMLNRYLK DWRPD X WHESORQDEPF QLP
X]JRUFLPD L] RNROLAD D WR QH PRA&H ELWL RSLVDQR
.YDQWLILNDFLMD VXPH NORURDONDQD VH SURYRGL QD
regresijom i uporabom metode vanjskog standarda.

Koncentracija klord O ND Q D U D p xh@Du2diia Qode rEngBormuli 1
& —J OuX Ved¥ Vs 1)
Cxc NRQFHQWUDFLMD NORURDOGNWBHBUDHNMWILIDNWX Rpl

Vex = volumen ekstrakta (ml)
Vs = volumen uprka (ml)
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Vs=m-m (2)

m; = masazatvorene boce s uzorkom (g)
m, = masa prazne boce (g)

OHWRGD RPRJXUXMH NYDQWLILNDFLMX VXPH NORURDOND
mjerna nesigurnost bude manja od 5QN6rma, 2014; SOP, 2018%a svakom serijom
uzoraND RGUHYyXMH VH L VOLMHSD SURED

Slika 2. Plinski kromatograf s masenim spektrometrom {8/MS)
Figure 2. Gas chromatograph with mass spectrometer-§G8IMS)

Tablica 2. Uvjeti rada na instrumentu (GRIS/MS)
Table 2.Instrument condition§GC-MS/MS)

Kolonaza plinsku kromatografiju Kapilamna kolona, 53ILMS; 0,25
mm x 30m; d.f 0,25 um

Vrijeme odredivanja 16,5 min.

Temperatura injektora 280 °C

Volumen injektiranog uzorka 1pL, splitless

Plin nosilac 1 protok He; 1,2 ml/imin.

Temperatura M3 sufelja 280°C

Temperatura izvora e 280°C
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Slika 3. Maseni spektar standardne otopine kloroalkana
Figure 3. Mass spectra of SCCPs

Calibration Curve = E]M
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Slika 4. Krivulja linearne regresije standardnih otopina kloroalkana

Figure 4. Linear regression plot of SCCPs
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Validacija metode i procjena mjerne nesigurnosti

2GUHWMXQVOLMHGHUL SDUDPHWUL YDOLGDFLMH JUDQLFH N
pripreme uzorka, ponovljivost injektiranja (mMjeH QM D L WRpQRVaw 6NUDI
validacijskih rezultata prikazan jeTablici 3. Kriteriji prihvatljivosti preuzeti su iz dfrme

L IDNRQVNLK SURSLVD ]D YRGH 1D RVQRYX SRVWXSDND ¢
LQVWUXPHQWD WH SURYHGHQH YDOLGDFLMH QDSUDYOME
koja za ovu metodu iznosi 37 %.

Tablica3. 5SH]XOWDWL YDOLGDFLMH DQDOLWLpPpNH PHWRGH
Table 3. Analytical method validation results

Darametar Relbale | maiejpibvalivos
raspon
Linearnost 0,9738 K =099

P@ovlpvost 17.07% RSD <35 %
pripreme uzorka

Ponovljivost 4.05% RSD <15%

injektiranja
Najvige 30 % od standardnih vrijednost
Granica 0,05 g propisanih zakonskom regulativom!
kvantifikacije J Powrdinske vode: 0,12 pgf,
Otpadne vode: 0,012 mg/l.
s 65,07 -
Tofnost 139.19% 60— 140%

=DNOMXPpDN

7RNVLPpQL L NDQFHURJHQL XpLQFL NORURDONDQD QD aL®
VDVWDYQLFDPD RNROL&ED XND]XMX QDHHLHN DN M PS RIWYH G K
VSRMHYD ,VWR WDNR RGUHYLYDQMH NORURDONDQD X SF¥
zakonske regulative u Republici Hrvatskoj.

$QDOLWLPpNR LVSLWLYDQMH LPD YLVRNX FLMHQX MHU ]DK
visoke osjetljiwsti, automatiziranih koncentratora, skupih standardnih otoginastialih

kemikalija i pribora.

Validacijski rezultati dobiveni u Laboratoriju za ekologiju Bioinstituta ukazuju da ispitana
PHWRGD |][DGRYROMDYD NULWHULMH ]D RGUHyYyLYDQMH NOR
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DETERMINATION OF SHORT -CHAIN POLYCHLORINATED ALKANES
(SCCPS) IN WATER BY GAS CHROMATOGRAPHY -MAS
SPECTROMETRY (GC-MS/MS)

UDC: 628.16 : 543.3
7THXWD 7RPPYIQD aLPXHQADULU 5RVDQGD 4ANYRUF 9LC

WLRLQVWLWXW G R R 5XGROpaisaV HLQHUD YyDNRYHF
professional paper

Summary

Shortchain polychlorinated alkanes or paraffins (SCCPs) are highly complex technical mixtures of
polychlorinated ralkanes having a C1013 hydrocarbon chain length with the chlorine content
between 49 and 70%. They are obtained by chlorination-alkares and they are not naturally
present in the environment. Because of their physical properties such as viscosity and burn
resistance, they are used for various purposes, such as lubricant additives, PVC plasticizers and
flame retardants in paints, adhesivand sealants. Due to higher vapour pressure and water
solubility, SCCPs have high potential of releasing into the environment during their production,
storage or usage. They are persistent in the environment and their toxicity and carcinogenicity have
been determined for aquatic and terrestrial organisms. This paper describes the method for
determination of SCCPs in water for human consumption, underground, surface and waste water.
Test water samples are prepared by ligigdid extraction and purificadn by column
chromatography. Identification and quantification are performed by gas chromatographic mass
spectrometry technique (GKIS/MS). According to the regulations of the Republic of Croatia,
environmental quality standards of SCCPs for surface wattmaximum allowable concentrations

in wastewaters are prescribed. Validation of the method has proved its applicability to the intended
purpose and compliance with regulatory requirements. The method is accredited according to HRN
EN ISO/IEC 17025:2017.

Keywords:polychlorinated alkanes, SCCPs, @TQ3, water, determination, GRIS/MS
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.$.920$ 92'( =% 3,0( 1$ %52'29,0%
UDK: 543.3 : 623.828.5

'DULMD 9 X N&E (ErX ddvarnik?, Arijana Cenov! 9DQGD BLANXU
'UDAHQ Z4XBRILHOD *OD anB 0 NMIXEED N

INastavni Zavod za javno zdravstvo Primorsk®@ UDQV NH &aXSD QL MH51000Rij@kaP LURY

Hrvatska

26YHXpLOLAWH X 5LMHFL OHGLFL Q \BNDOReKaxHVAtdHAW % UDUH % U
originalni znanstveni rad

SDaHWDN

=ERJ VYH YHUHJ UD]YRMD QDXWLpPpNRJ WXUL]PD NDNYRUD YR
XORJX &LOM RYRJ UDGD ELR MH DQDOL]JLUDWL UH]XOWDWH |
uPrimorske JRUDQVNRM aXSDQLML X SjdHydQIH /2R 6.R&lnad.QUkphB U D]
MH DQDOL]JLUDQR X]JRUDND QD RWWIHRPYLQMH/ R H NSURRNED. JFDGNR-EQIM
NRULEWHQH VWDQGDUGQH ,62 PHWRGH .RUHODFLMVND DQ
SRYH]DQRVW UDJPQREWLK PRNDRBEALHOMD WH Qkkiniélkh VODEL
PLNURELRORANLK SRND]DWHOMD 6WDWLVWLpPpNL 1QDpDMQD
XRpHQD MH SR JRGLQDPD PMHVHFLPD VH]RQDPD D WDNRVYI
DQDOL]X 6YL PLNURELROR&GNL SRND]DWHOML L]JX]JHY XNXS
razdoblju imaju silazan trend. Broj izraslih kolonija (UBBp.i aeruginosaLPDMX QDMYHUL S
OLVWRSDGX NDR L LQGLNDW.RAILi ¢hdeUROIRRIL R QIHRPVLA UNHHD MNKD
NRQFHQWUDFLMDPD SRMDYOMXMX L WLMHNRP OMHWD 8]RUF
EROMH NDNYRUH X RGQRVX QD X]RUNH GRVWDYOMHQH RG
NRQWUROH NDNYRULHXORPGHMPBYISQWHD |DAWLWH SRWURAaADpPD

koncentraciju rezidualnog klora i prisutnasgtgionella

.OMXPpPQHNDNWHRWBID YRGH EURGRYL PLNURELRORA&ANR RQHpLAU

Uvod

Na svakom brodu potrebonMH RVLIXUDYDWL RSVNUEX VLIJXUQH Y
XNOMXpXMH YRGX |J]D SLUH SUDQMH SULSUHPX KUDQ
NRQWUROX YDWUH SURL]JYRGQMX SDUH SHULOLFH SR
& KODYHRE®H ]D OMXGVNX SRWURAQMX PRUD ELWL
RGJRYDUDMXUH NDNYRUOH NDNR QH EL L]D]YDOD aWHW(
slobodna od svih parazita, mikroorganizama, kemikalija ili drugih tvari koje, prisutne u

vodiuodUHYHQLP NRQFHQWUDF L MaDdR&y|jSljudi @MQ, RO0DYO.MDM X U
U skladu sa smjernicama Svjetske zdravstvene organizacije (SZO, eng. World Health
Organisation, WHO) i Internacionalne udruge voda (eng. International Water Association,

“darija@zzjzpgz.hr

123



8th Internatioral Conference WATER FOR ALL
21-22 March 2019
Osijek, Croatia

Zbornik radova / Proceedings
ORQLWR UL Q yodD Moniroting of water quality

IWA), sustaYL NRQWUROH YRGH QD EURGRYLPD WUHEDMX ELW
(eng. Water Safety Plan, WSP). U W8Rasnho je definirano upravljanje pitkom vodom

RG VDPRJ SURMHNWLUDQMD L]JJUDGQMH SXawbDQMD X SR
kako bise osigurale higijenske mjere za cijeli proces vodoopskrbe broda. Plan sigurnosti
YRGH :63 WUHEDMX SULPMHQMLYDWL VYL RSHUDWRUL SX
:63 NRUDFL XNOMXpXMX SURFMHQX VXVWDYD RSHUDWLY
osnivanja WSP tmaWUHED RGUHGLWL YRGLWHOMD WLPD WH SR\
odgovorno za provedbu WSPT PHQDGAaHUL LQAHQMHUL NRQWUR:
medicinsko osoblje). Osoblije odgovorno za primjenu WSPSRWUHEQR MH REXD
upravljanje sustavima pitke ved provedbu postupaka nadzora, kontrolnih mjera i
korektivnih radnja. Sustave vodoopskrbe potrebno je redovito procjenjivati, od zahvata
YRGH GR SRWURaDpD XNOMXpXMXiuL L]YRU YRGH XWRYDU
Tijekom postupka procjene XVWDYD XWYUyXMX VH L PRJXUH RSDVC(
XSUDYOMDQMH UL]JLFLPD VQRVL PHQDGAHU NRML MH RGJR
GRSUHPDQMH SLWNH YRGH 'D EL VH RV Eapotsebro daVSMHaQ
vlasnik ili upravitelf (HILQLUD RGJRYRUQRVW pODQRYDred®RBEDGH 'RN
potpuna i aktualna (WHO, 2007).

ORJXUH RSDVQRVWL XNOMXpXMX PLNURELRORANR RQ
mikroorganizmima E. coli, enterokoki,Cryptosporidium spp, Mycobacterium sppte
Legionella spp ORJXUD MH NRQWDPLQDFLMD NHPLMVNLP VSRMH
WHaANLP PHWDOLPD RVWDFLPD GH]JLQIHNFLMVNRJ VUHC
pesticidima, hlapivim organskim spojevima (eng. Volatile Organic Compaund's, VOC).
7TDNRYWYHURFL RQHpLAUHQMD YRGH PRJX ELWL L ILILNDOQD
pHVWLFH VSRMHYL RWSXawHQL L] PDWHULMDOD FLMHYL |
biofilmovi (EU SHIPSAN ACT, 2016.).

9RGD VH QD EURGRYLPD PREAH RQNRQW\DLPAY IQ ML MDA W DPIRJ |
OMXGVNX SRWURaAQMX WLMHNRP XWRYDUD WLMHNRP VNC
.RQWDPLQLUDQ L]JYRU YRGH PR&H ELWL PRUVND YRGD NRI
SLWNH YRGH LOL YRGike RKadjd] s& Brvd MpskrtdjmjeLpitkom vodom.
.RQWDPLQDFLMD WLMHNRP XWRYDUD QDVWDMH NDGD VH
FULMHYD ]D SXQMHQMH VSRUHGQLK ERPQLK SULNOMXpD
VNODGLAWHQMD PRAH Esthahih xaterfard R drDgih DvaX Kab posljRdica
QHSUDYLOQRJ SURMHNWLUDQMD VSUHPQLND YRGH ]ER.
SULVXWQRVWL VHGLPHQWD X VSUHPQLFLPD IRUPLUDQM
posebicelegionella Pseudomonas aerugirmsMycobacterium spp DPHED RaWHUHQL
QHLVSUDYQLK VSUHPQLND XODVND VWUDQLK PDWHULMD:
SRSUDYND VSUHPQLND SRMDYH SRYUDWQRJ WRND QHD
SRYLAHQMH ]D SRVOMHGIQOMHDO GANYDDWQQWH EDHN WHIBINFDMH L«
WHKQLPpNLP vifm sustavima vode {CDC, 2019).

=D PLQLPDOL]JLUDQMH UL]JLND SRWUHEQR MH KLJLMHQVNH
pHPX ]DSLVL PRUDMX ELWL GRVWXS @ luto@dba voud ra bsod,L OLN R P
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FULMHYD MH SRWUHEQR LVSLUDWL POD]RP SLWNH YR
FULMHYD MH SRWUHEQR LVSUDWL WH SRNORSLWL NDS
GDOMQMHJ RQHpPLEAUHQMD 6SUHP@IDMHHGLWNNMHREHD A
VORYLPD YLVLQH QDMPDQMH FP ,]JPHYyX VSUHPQLND
QH VPLMH SRVWRMDWL NULaQD YH]D 6PMHU WRND YR
sustava prevenirati pojavu povratnog tokaevo8redstva koja se koriste za premazivanje
FLMHYL QH VPLMX ELWL L]JYRU WRNVLpPpQLK WYDUL NR
Legionella SULOLNRP GLVWULEXFLMH KODGQH YRGH WHP!
PHYyXWLP WR MH WH&aNR RDWYDNILFY XK WMHWKLIR P NDNRYH!I
GLVWULEXFLML WRSOH YRGH WHPSHUDWXUD QH VPLMH
ELWL LJROLUDQL NDNR EL VH L]JEMHJDR UDVSRQ WHPE
pogodan za razvdiegionela (EU SHIPSAN ACT, 201p Kontrolne mjere efikasnosti
SURYHGEH KLJLMHQVNLK SRVWXSDND REXKYDUDMX L\
YRGH NDR &@&WR VX S+ L UH]JLGXDOQL NORU UDVSRQ NL
OLNURELRORANXHNSRWREHE QRAGMH UHGRYLWR SURYMHU
OMXGVNX SRWURBQMXIJLVHIOWVHWPHPED/ LUL VOXpDMQD X
pokazateljaLegionella SUHSRUXpD VH VYDNLK PMHVHFL ,QVSt
rutinskim vizualnim pregledha svakih 12 mjeseci, a kontrola tankova najmanje jednom u
GYLMH JRGLQH QDNRQ XJUDGQMH .RUHNWLYQH PMHUL
PMHUH QH GMHOXMX XpLQNRYLWREWSHIFRSAN QOOMOLEDUIHP |
Cilj ovog rada bio je analimti zdravstvenu ispravnost uzoraka vode uzetih na analizu s
UD]J]OLpLWLK YUVWD EURGRYD X UD]JGREOMX RG - G
JRUDQVNH aAaXSDQLMH B8NXSQR MH LVSLWDQR X]RU|
SRND]DWHOMD N dbdiRaind, nijes€ciiha odnosno sezonama ispitivanja.
Provedeno je ispitivanje povezanosti fizikeldoH PLMVNLK L PLNURELRORAN
VH LVSLWXMX X UXWLQVNRM DQDOL]L YRGH ]D SLUH 7
NDNYRUL YREHRBDLYQR R YUVWL VXEMHNWD NRML GRVW

Materijali i metode
Uzorkovanje vode

SULOLNRP X]JRUNRYDQMD ]DELOMHaHQD MH WHPSHUDW
YUVWD L NROLpLQD GH]JLQILFLMHQVDosi®©®L1p.lP@EdmRGCH |
je inaktivacija klora u uzorku dodatkom natrij tiosulfata u spremnik s uzorkom. Uzorci su
GRVWDYOMHQL X ODERUDWRULM X QDMNUD U Higuréng J X 0 H
temperaturaod 4 f &
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Fizikalno-kemijskipokazatelji

%RMD YRGH RGUHYyLYDOD VH SUHPD +51 (1 ,62 S+
,62 PXWQRUD YRGH SUHPD1:2034, ddktrogaalljivost
prema HRN EN 27888:2008, permanganatni indeks (KMip@&ma EN ISO 8467:2001.

MikrobioOR&ANL SRND]DWHOML

2G PLNURELRORA&AGNLK SRND]DWHOMD X X]J]RUFLPD VH LVSLW
na temperaturi inkubacije 2X& L f& 8%% L 8%% SUHPD +51 (1
6222:2000) u razdoblju od 2002. do 2016. Od fekalnih indikatora u ramdmb?006. do

2016. ispitivane su ukupne koliformne bakterije (UK, prema HRN EN ISO-238800 i

HRN EN ISO 93081:2014),Escherichia coli(EC, prema HRN EN ISO 936B2000 i

HRN EN ISO 93081:2014) i crijevni enterokoki (ENT, prema HRN EN ISO 7899

2:200Q. PrisutnostPseudomonas aeruginog®A, prema HRN EN ISO 16266:2008)
RGUHYyLYDOD VH X UD]JGREOMX RG GR 8NXSQL EU
WHKQLNRP XOLMHYDQMD LOL ASRXU SODWH3 WHKQLNRP D
filtracije.

StIDWLVWLPpND REUDGD UH]XOWDWD

BHIXOWDWL VX RSLVDQL GHVNULSWLYQRP VWDWLVWLNRP
sredinom (AS) i rasponom podataka (mih maks). Obzirom da je Kolmogorev
Smirinovljevog test pokazao da rezultati ne prate Gaussovu krivillE UDYHQL VX
primjenom neparametrijskin testova: Mawhitney U test, KruskaWallis H test te
6SHDUPDQRY NRHILFLMHQW NRUHODFLMH QD UD]JLQL VWD
REUDGX SULNXSOMHQLK SR GakglsdtislicetiagaWHQ MH VRIWYH

Rezultati i rasprava

Na Slici 1 prikazan je ukupan broj ispitanih uzoraka vode s brodova u razdoblju od 2002. do

2016. (N= 478), s visokim brojem zdravstveno neispravnih uzoraka 394; 82 %). Od
fizkanoNHPLMVNLK SRND]DWHOMD NULWHULM PXWQRUOH QLMH
vrijednost nije bila u propisanom rasponu kod 3 % uzoraka (13/471), a kriterij za KMnO4 nije
zadovoljilo 2 % uzoraka (8/471). Od ispitanih mikrBbD RANLK SRND]DWHOMD 8% %
sukladan propisanim kriterijima kod 47 % (225/476), UBB/22 kod 30 % (136/458), UKB kod

6 % uzoraka (22/394), EC kod 2 % uzoraka (9/395), ENT kod 3 % (11/395), PA kod 13 %
(24/184). Rezidualni klor ispitan je u samo 2upraka (12/478) i svi uzorci odgovarali su
NULWHULMX 'DNOH IHNDOQR RQHpPLAUHQMH SULVXVWYR
]JDELOMHAHQR MH X PDORP EURMX X]JRUDND GRN N
zdravstveno neispravan zbodRfY LAHQRJ 8% % *UHQIHOO MH PLAOMH(
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LVSLWDQ MHGQRNUDWQR QH SUXabh GRYROMQR LQIRU
SURYRYHQMD SRSUDYQLK UDGQML NRMH VOLMHGH QDNF
tim okolnostima ispituju trebaju biti direktnije povezani s jawdpavstvenim interesom,
primjericerezidualni klor, koliformj E. coli i enterokoki.

600
W ukupno M zdravstveno neispravno 4 mikrobioloski neispravno

500

478

&

394 389
(N=82 %) N=81 %)

broj uzoraka

g &

8

0

Slikal. % URM XNXSQR LVSLWDQLK X]JRUDND JGUDYVWYHQR Qt
uzoraka vode wetih na brodovima tijekom razdoblja 20022016.
Figure 1. Total number of tested samples, number of-compliant samples and na@ompliant to
microbiological standards, taken on ships during the period-2008

SRND]DWHOML PLNURELROR&NH NDNYRUH YRGH EURM 1

f& L f& SUDUHQL VX X SHULRGX GR J 1D |
kretanja za oOb&SRND]DWHOMD QHJDWLYDQ 1 Dast RDUBBIEY bildjel G Q VM
FIX PO D QDMYHUUD FIX PO =D 8%% ]JDELO

RGQRVX QD 8%% V UDVSRQRP NUHWDQMBI0S&HEGE@M L K
PO 1DMYHiUH YULMHGQR VW HERISHWLID \W R OR J DM DOQIB &REM
PHYXWLP L]PHyX LVSLWLYDQLK JRGLQD QLMH XWYUJHQD

2,0
y =-0,0155x + 1,3381
15

o
0,5 |
0,0

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
B UBB/37 = UBB/22

log10 N cfu/ml

Slika 2. Trend kretanja broja kolonija pri temperaturama odf22 L f &
tijekom razdoblja 2002+2016.
Figure 2. Trend of the heterotrophic plate count (HPC) at the temperatur¢st22 + 3 &
and37f& +3& GXULQJ W20H6 SHULRG
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1D 6OLFL SULND]DQH VX VUHGQMH JRGLAaQMH YULMHC
koliformnih bakterija tUKB, E. coli £EC i enterokoka +ENT) za razdoblje od 2006. do

JRGLQH 6WDWLVWLPpND DQDOL]D SRGDWDND SRND]DO
IHNDOQLK LQGLNDWRUD X SURPDWUDQRP UD]JGREOMX ]QD}
NROLIRUPQLK EDNWHMHQMWH 8.% [DELOMR&LQH V UDVWXI
WUHQGRP UDVSRQ JRGLaQMLK #MOHAHe@NA Ki).EUMIHGQRV WL
HQWHURNRNL SRND]DOL VX QDMYHUL SRUDVW X J VS
srednje vrijednosti za EC kretagel se od 0,0+3,6 cfu/100 ml, a za ENT 0,0 do 4,6
cfu/1200 ml.

y =-0,0041x + 0,0476

Slika 3. Trend kretanja broja fekalnih indikatora (UKBukupnih koliformnih bakterija;
EC zE. colii ENT zenterokoki) tijekom razdoblja 200&2016.
Figure 3. Trend of the number of fecal indicators bacteria (FIB, #Gtal coliform bacteria;
EC zE. colii ENT zenterococci) during the period 262616

Pokazatelj kvalitete vodP. aeruginosaUXWLQVNL VH SUDWL X YRGL ]D ON
2014. godine. Slikat prikazuje negativan trend kretanja broja kolonija PA u razdoblju

GR J 1DMYHUOL EURM SRUDVOLK EDNWHULMD JDEL(
VUHGQMLP JRGLAQMLP YULMHGQRVWLPD EURMD NRORQLM
srednjevrijednosti varirale su od 0,2 cfu/100 ml (2014. g.) do 137,1 cfu/100 ml (2016. g.).

P. aeruginosa
16
14
12
1,0
038
06
04
02
0,0

y =-0,1459x + 1,5818

log10 N cfu/100 ml

2014 2015 2016

Slika 4. Trend kretanja broj&olonija P. aeruginosai razdoblju 2014+2016.
Figure 4. Trend of the number of colonies Bf aeruginosaluring the period 20142016
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Na Slici 5 prikazane su srednje vrijednosti pH u razdoblju od 2002. do 2016. godine.
KruskatWallis testom iposthoc DQDOL]RP XWYUyYyHQD MH VWDWLV
YULMHGQRVWLPD S+-W }tesH HX14) R& U8DP= 80,069, p< 0,0001).
3DUDPHWDU S+ ELWDQ MH JERJ XpLQNRYLWRVWL GH]L
slabo kisele do neutralne pH vrijednosti (Canadian Chlorine Coordinating Committee,

IDMYHUD YULMHGQRVW S+ ]DE & 0O1\3 Hsi.H)GQIDvrvVBED), J
NDGD MH XMHGQR ]DELOMH&HQ L QDMYHUL SRUDVW X1
SRND]DWHOMD NRML SULPDUQR XND]XMX QD XpLQDN
2006. godini dezinfekcija vode nije adekvatno provedena.

Slika 5. pH vrijednosti u razdoblju 20022016.
Figure 5. pH values during the period 2082016

KruskakWallis i post hocDQDOL]D XND]DOL VX QD VWDWLVWLpPNI

UBB/37 i UBB/22 (KW test, H(11, N = 457) = 46,802, p< IDMYHUL SR
JDELOMH&HQ MH X OLVWRSDGX D QDMPDQML X R&XMNX
. .

Slika 6. 6UHGQMH PMHVHpPQH YULMHGQRVWL D 8% %2016 E 8% %
Figure6. OHDQ PRQWKO\ YDOXHV RI D +HWHURWURSKLF 30D\
E +HWHURWURSKLF 30DWH &RXQW DW -20f6& +3& GX
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SRUDVW IHNDOQLK NROLIRUPQLK EDNWHULMD ),% 8.%
listopadu, a UKBSUSRND]DOH VX SLN L X NRORYR]X 6OLND L]
fekalnih indikatorskih bakterija (FBED SRJRGXMH YL&AD WHPSHUDWXUD YR
UDJOLNH QLVX ELOH VWDWLVWLpPpNL ]1QDpDMQH

Slika7. 6UHGQMH PMHVHpQH YULMHGQRVWL ),% &2016& (17 WLMH
Figure 7. Mean monthly values of Faecal Indicator Bacteria (FIB = #total Coliform,
EC zE. coli, ENT zenterococci) during the period 2002616

1DMYHUGD VUHGQMDHIRER\AW MNKivhigrREaNOuU liprud1,4 mg/l N a
QDMQLAD X UXNM QAW test,HP(110ON2450)= 39,338, p< 0,0001) Slika 8a
1DMYLA&D VUHGQMD JRGLaAaQMD YULMHGQRVW PXWQRUH PMH
kolovozu (0,8NTU) (K-W test,H (11, N = 393) = 51,666, p< 0,0001). Razlike u
PMHVHFLPD ELOH VX VWDWLVWLpPpNL ]QDpDMQH ,] QDYHGH ¢
SRIRGXMX JLPVNL PMHVHFL NDGD VX RERULQH LQWHQ]L
razgradivom orgah®m tvari topli lipanjski uvjet{Slika 8b)

Slika8. 6UHGQMH PMHVHpPQH YULMHG KB pokakatBlja Grgaskp® iH L E .0Q
RSWHUHUHQMD WLMH20EP UD]J]GREOMD
Figure 8. Mean monthly values of a) KMnO4 and b) turbidity as indicators of organic matter
during the period 2062016
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SDUDPHWUL 8% % 60OLND D L 8%% 60LND E VWD
MHVHQL NDGD MH WHPSHUDWXW tBstHR3G W= AbR) & 20,00, P WL Y (
< 1DMPDQML EURM L]JUDVOLK NRORQLMD VH MDYO

Slika 9. Srednje sezonske vrijednosti a) UBB/37 i b) UBB/22 tijekom razdoblja 262216.
Figure 9. OHDQ VHDVRQDO YDOXHV D +HWHURWURSKLF 30DV
E +HWHURWURSKLF 30DWH &RXQW DW -2016& +3& GX

VWX VHIRQVNX GLQDPLNX SUD¥MWXW GRIND ] BWDB WMVNDLNY
W test,H (3, N=390)= 26,453, p< QDMYLAH YULMHGQRVWL PXW
VX X MHVHQ VUHGQMD JRGLAQMD YULMHGQRVW 17
vrijednost = 1,1 NTU) (Slika@).

Slika 10 6UHGQMH VH]IRQVNH YULMHGQRVWIE2PLEWQRUH WLM
Figure 10. Mean seasonal turbidity values during the period 22006

Na Slici 1 SULND]DQH VX VUHGQMH YULMHGQRVWL UH]X
uzorcima vode s brodova koji su na analizu u laboratorij doneseni na zahtjev agencije ili
EURGRJUDG L KUAMWPH\OWRBPYWRP XWYUYyHQH VX VWDWLV)
svih iVSLWDQLK PLNURELROR&GNLK SRND]DWHOMD 8%%
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uzorcima vode koji su doneseni od strane brodarskih agencija u odnosu na uzorke koji su
analizr DQL QD IDKWMHY EURGRJUDGLOL&AWD

.RUHODFLMVNRP DQDOL]JRP XWY WYHXDPDNNRH XKOOBYNQR R |PRIE X
PLNURELRORAGNLK=-GRNB]|pPWHOMGBRNVMH NRUHODFLMD L]PH
NHPLMVNLK L PLNURELRORANLK SRND]DWHOMD ELOD VODE

UBB/: UBB/;
mUBB/IT muRB/az b) o WUKE mEC BENT @PA
=
Z

) o0
-
=
o o
) ™
- =)
- -
—
@
2w
IS wn
= 3 =
Q¢ =]
= F =1
| |-
I

AGENCIHA BRODOGRADILISTE AGENCHA BRODOGRADILISTE

logl0 UBB (cfu/ml)
log10 cfu/100 ml

0,02

Slika 11. a) broj UBB/22 i UBB/37b) broj FIB (FIB tfeacal indicator bacteria = UKB; EC, ENT)
& PA u uzorcima vode dospjelih na analizu putem agensiE URGRJUDGLOLaWH
u razdoblju od 2002. do 2016. g.
Figure 11.a) Number of +t HWHURWURSKLF 30DWH &RXQW DP@®/22) f& +3&
b) number of Faecal Indicator Bacteria (TC = total coliforms; £ coli, ENT - enterococci) &
P. aeruginosdPA), in water samples at the request of the ageashipyard,
during the period from 2002 to 2016

Za pokazatelj UBB/37 agencijskim uzorcima srednja vrijednost dobivenih rezultata bila

MH FIX PO D X X]RUFLPD EURGWX&D B4 9458 Vpd F1X
0,0001); za UBB/22 410,8 cfu/mk 239,0 cfu/ml (MW test, Z= 4,005, p< 0,0001); za

UKB 30,1 cfu/100 mivs 0,7 cfu/100 ml (MW test, Z= 4,492, p< 0,0001); za EC 2,9

cfu/100 mlvs 0,2 cfu/100 ml (MW test, Z= 2,197, p= 0,028); za ENT 1,7 cfu/100 muk

0,1 cfu/100 ml (MW test, Z= 2,354, p=0,012); za PA= 56,6 cfu/100 mks12,9 cfu/100

ml (M-W test, Z= 2,152, p< 0,0001). Dobiveni rezultati ukazuju na bolje funkcioniranje
VXVWDYD L EROMX HGXFLUDQRVW RVREOMD XQXWDU EU
propisane obaveze ispitivanja pokazatélggionella X YRGL |]D SLUH SUHPD QDF
legislativi QLWL MHGDQ X]RUDN QLMH LVSLWDQ QD RYDM SRND
SUHSRUXpXMH GYD SXWD JRGLAQMH

=DNOMXDpFL

8 X]JRUFLPD YRGH ]D SLUH V EURGRYD XWYUyHQ MH YUOF
QHLVSUDYQLK X]JRUDND 8JURN QHRMIUNYXRDWHYRX BRIDC

PLNURELRORANR RQHPLAEUHQMH RG pHJIJD MH X VOXpDM
8%% 3URPDWUDMXiUL SR JRGLQDPD QDMYHiUL SRUDVW 8
L J QDMYHiUL SRUDVW ),% Q0B.g., (UKB 200B.LOMH&HQ
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J 3% J .RG VYLK MH SRND]DWHOMD L]X]JHY
SURPDWUDMXNHPILMIMWNMHO®RND]DWHOMH QDMYHUD S+ YU
aAWR VH SRGXGDUD V QDM Y4, &L #ka2tjenaMidadje@nk \efikdsrdst 8 %
GHJLQIHNFLMH 3URPDWUDMXiUL SR PMHVHFLPD PRDMY |
]JDELOMH&HQ MH X OLVWRSDGX ]D ),% L X VUSQMX QC
LIPMHUHQR MH X OLSQMX D QDMYH IDWRJ)OMXRLDSYRBH )
QDMYHUL SRUDVW 8%% 8 % % L PXWQRUH ]DELOMH
agencievs EURGRJUDGLOLAWD EROMD NDNYRUD YRGH ]C
.RUHODFLMVND DQDOL]D SRND]DOD MHURJODHMPRK GCREWU
SRND]DWHOMD WH QHAWRHPQDENUK L]PHNXX RE]ULRGDROANL |
HILNDVQLMH NRQWUROH NDNYRUH YRGH L SRYHUDQMD
rutinski ispitivati koncentraciju rezidualndgpra i prisutnost.egionella
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DRINKING WATER QUALITY ON SHIPS
UDC: 543.3 : 623.828.5

'DULMD 9 X N#& EmiaxEoinik?, Arijana Cenovl 9DQGD BLANXU
'UDAHQ XBRLHOD *ODABOMXRH?LQADN

Teaching Institute of Public Health UH&ALPLURYD D Croata5LMHND
2University of Rijeka, Faculty of Medicine% UD U H % U D Q FKH W VCkatia 5LMHND
original scientific paper
Summary

Due to the increasing development of nautical tourism, the quality of drinking water on boats has an
increasingly important role. The aim of this paper was to analyze the results of water quality on
different types of vessels in the PrimeG@rski Kotar @unty, during the 14ear period from 2002

to 2016. A total of 478 samples were analyzed on the basic microbiological and pbisicédal
indicators, using standard 1ISO methods. The results of testing of water quality showed that there
was a statisticafl significant difference between years, months, seasons as well as between the type
of operator that supplies the water to the analysis. All microbiological indicators, with the exception
of total coliform bacteria, have a downward trend. The number ohitxd (HPC +heterotrophic

plate count) andP. aeruginosahas the highest increase in October, as well as indicators of fecal
contamination(E. coli and enterococci)which appear in elevated concentrations during the
summer. Samples delivered by shipyaeste of better quality than those delivered by shipping
agencies. In order to effectively control the quality of drinking water as well as improvement of the
consumer protection, measurement of the residual chlorine concentratikvegindelladetection

should be routinely investigated.

Keywords:water quality, ships, microbiological contamination, water safety plan, disinfection
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APPLICATION OF SODIUM HYDROXIDE AS A PRECIPITATING AGENT
FOR THE REMOVAL OF COPPER AND NICKEL FROM WATER

UDC: 628.316.12 : 544.723
+DOLG -XQ¥XARDLEAHOLPMELQD %HJLU $EGHO F

University of Tuzla, Faculty of Technolodyniverzitetska 8, 75000 Tuzla, Bosnia and Herzegovina
original scientific paper
Summary

Water of high content of heavy metatan have negative effects on all living organisms that
consumeit or live in it, including microorganisms, plants, animals and humans. Chemical
precipitation is the most commonly used method for removing heavy metals from water, and
various chemical reagen which can be used as precipitaate available: sodium hydroxide,
calcium hydroxide, sodium carbonate, calcium carbonate, etc. The amount and quality of the
resulting precipitate has a direct effect on the efficiency of removing heavy metals fromlwater
this paper, the influence of sodium hydroxide as a precipitating agent on the efficiency and removal
of copper and nickel from their monocomponent aqueous solutions of high and low initial
concentratins of metals was investigated.

Keywords:heavy méals, water treatmensodium hydroxidecopper, nickel
Introduction

One of the main causes of industrial pollution is the discharge of effluents containing
heavy metal¢Badmuset al, 2007). The most common toxic heavy metals in wastewater
include arsenic, lead, mercury, cadmium, chromium, copper, nickel, silver, and zinc
(Ogheneroboret al, 2014). Heavy metals, including copper, zinc and chromium are
actually required by the body ismall amounts, but can also be toxic in larger doses
(Akpor et al, 2010).These toxic materials may be derived from mining operations,
reefing, sludge disposal, fly ash from incinerators, the processing of radioactive materials,
metal plating, or the manufacture of electrical equipment, paints, alloys, batteries,
pesticides or preservativd§harannum et al., 2011Removal of heavy metals from
industrial wastewaters can be accomplished through various treatment options, including
such unit operations as chemical precipitation, coagulation, complexation, activated carbon
adsorption, ion exchange, solvent extraction, foam flotation, eldeo#ion,
cementation, and membrane operati@@snatilake, 2015)Chemical precipitation is one

of the most widely usednethod for heavy metal removal from inorganic effluent in
industry due to its simple operatioBarakat 2011).

“amra.selimovic@untz.ba
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It is a process in which undesirable soluble metallic ions and certain anions are removed
from water or wastewater by conversion to an insoluble faith a precipitantagent
(Lawrenceet al, 2005).So dissolved metals are removed by the simplest separation or
filtration. Adjusting the pH of the aqueous solution of metal ions to alkaline conditions is a
major parameter that significantly improves the removal of heavy metals by chemical
precpitation (Agustiono Kurniawaret al, 2006).After fine-tuning the pH, the soluble

metal ions are changed to the dissolved solid through reacting with a precipitant agent
(Azimi et al, 2017).

Chemical precipitation includes: hydroxide, carbonate anddsuffiecipitation. In the case

of hydroxide precipitation, the agent is added to increase the pH wéthethe ultimate

goalto redue@ themetal ion solubility.

The hydrokxide precipitation reaction is:
M2*+ 20H ~ M (OH): Q)

The purpose of this research was to study the effect of initial concentrations of Cu(ll) and
Ni(ll) and pH of their agueous solutions on the efficiency of their precipitasowell as
toremowe themfrom monocomponent aqueous solutions using sodium hgddiiaOH)

asa precipitating agent.

Materials and methods

The following grades for chemicals were used in the experimental part of this research
copper (1) nitrate trinydrate (Pliva, Zagreb, Croafiéckel nitrate hexahydrate (Semikem
Sarajevo, Bosnia and Herzegovinagpper standard solutioh000 mg/L CW* in 0.5

mol/L nitric acid) (fromCu(NO X9 from Merck and nickel standard solution 1000 mg/L
(Ni%* in 0.5 mol/L nitric acid) (fromzZn(NO X 9 from Merck, nitric acid, min. 65%Lach

Ner, Czech Republic), sodium hydroxide, molancentration L mol/L (Fluka).

All laboratory glassware, plastic ware, pippete tips and storage bottles were washed at least
three times witha detergent, rinsed with denized water, and then soakedadgueous

nitric acid solution and finally rinsed with denized water and allowed to dry naturally.
Aqueous solution of sodium hydroxide with molar concentration ofrlIL was used as
precipitant. The solution was prepared by dilution vadgionizedwater.For each heavy
metal, its monocomponent aqueous solution initial concentrations (500 and 50 mg/L) were
prepared. Preparation of metal ion aqueous solutions was performed as:foltais,

which are in the form of nitrate salts, were accurately erg then quantitatively
transferred to volumetric flasks of 1 émnd diluted to the mark witte-ionized water.

Each aqueous solution was homogenised, its initial pH value was measured and the
chemical precipitation process was performed with these samhplesier to evaluate the
effect of pH on the removal efficiency, precipitation experiments were ctadlweth
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different pH conditions, by addinmcreasing quantities of the precipitation agémt
monocomponenfqueoussolutions of Cl?* i Ni?*. Sodium hydroxide volumes used in
experiments are given in Table 1.

The precipitation procedure was carried oytttansferring 100 mL ofetalion solution

of the appropriate concentration to a 250 mL laboratory glass. Then, a specific volume of
precipitant was added to the laboratory glass and mixed with the solution by a magnetic
stirrer at a rate of 300 rpm, amotal mixing time was 5 min. After the required mixing
time, the pH of the solution was measured and the filtration of aqueous solution of heavy
metals was carriedut. The Whatman NO.42 filter paper was used to remove precipitates.
Each filtrated sample &s stored in polyethylene boattle till analysis.

Table 1 Volumes of NaOH added tmonocomponendqueous solutionsf CL?* i Ni2*

Initial concentrations o] Volumes of0,1 mol/LNaOH (mL) for precipitation o
heavy metals in water heavy metals

500 mg/L Cd* 5,00 | 15,00 | 15,50 | 16,00 | 16,50 | 20,00
50 mg/L C@* 0,05 | 0,20 1,00 1,50 1,51 5,00
500 mg/L N#* 0,05 | 9,00 15,00 | 18,00 | 25,00 | 35,00
50 mg/L NF* 0,07 | 0,150 | 0,50 1,00 2,00 5,00

Removal of copper and nickel from their aqueous solutions using sddidroxide was
determined by the analysis of initial €and Nf* concentrations in the samples before the
treatment and their concentrations after the treatment with NaOH and filtration of samples.
Atomic absorptiorspectrometric (AAS) methods are venjtable methods for monitoring

the levels of heavy metals in watékojuncu et al., 2004)This is because the technique
offers sufficient sensitivity for the determination of most metals and metalloids and and is
relatively interference free (Hill and frisr, 2017). An air/acetylene flame was used for the
excitation of the metal ions. Specific hollow cathode lamps of characteristic wavelength and
slit width were used for the estimation of each element. The drawing of the calibration curve
was performed usg a 0.2, 1, 5, 7 and 10 mg/L standard solutions &fdd 0.2, 0.5, 1, 1.5

and 2 mg/L standard solutions of?Zand their apsorbance was measured by FAAS.

The dtained equations of calibration curves were y = 0,1968x012, R = 0.9986 for
copper and y = 0,043x + 0,0482 R0,9951 for nickel.

The following equatiorf2) was used fothe calculation of removal efficiency:

. Ya?Ys

al . ®&rr- (2)

whereEr (%) is the removal efficiencyCo (mg/L) is the initial concentration of heavy
metalin untreated sample ar@ (mg/L) is the final concentration of heavy metal, after
precipitationand filtration of the sample. The effect thfe initial concentration on the
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removal efficiency was assessed by determining theoval efficiency from
monocomponent aqueous solutions of 50 and 500 rfay/each heavy metal.

Results and dscussion
To remove the Cii and N?* ions from their monocomponent aqueous solution, a
concentration of 50 and 500 mg/L with NaQ¥hs usedThe results of the efficiency of

the removal of copper and nickel from their monocomponent agueous solutions of the
initial concentration (500 mg/L) are shownHRigurel.

RS

=]
=S

g

o B8 & 8 8

0

b)

Figure 1. Effect of pH on the efficiency of removing a) €and b) Nf* from their
monocomponent aqueous solutions of initial concentrations 500 mg/L

Based on the data from Table 1 dfigurel, it can be seen that increasing the volume of the
precipitate added to the aqueous solution of heavy metals results in an iinctieageH of the

treated samples, resulting in an increased efficiency in the removal of heavy metals. The high
efficacy of the removal at a higher pH is associated with a higher concentrationiofi€iH the

solution which react with metal ions and create insoluble precipatates that can be removed from
their solution by filtration. The removal efficiency for copper was 96.3358pHtof 5.89, and

for nickel it was 94.964% atpH of 7.40. By furher increasing the pH, the removal rate for both
metals increased linearly. Thus, the maximum removal efficiency for copper was 99.990% at a
pH of 11.60, while the nickel was completely removed at a pH of 12.23.

Figure 2. Effect of pH on the efficiency of removing a) €and b) Nf* from their
monocomponent aqueous solutions of initial concentrations 50 mg/L
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The efficiency of the removal of lead and zinc ions from their monocomponent aqueous
solutions at@aninitial concentration of 50 mg/L is shown Figure2. Based orrigure2. it

can be clearly seen that increasing the pH to 5.91 percent of the removal was 72.246%,
which is less than its initial concentration of 500 mg/L. Further addition of precipitate
increased its pH value and removal rates. Thus, complete removal of copper ions was
achieved at a pH of 10.00. Similar values of the efficiency of remoadhickel. The
percentage ofhe nickel remowal was 66.824% at a pH of 7.28 compared to its initial
concentration of 500 mg/L when it was 94.964% at a pH of 7.40. The maximal efficacy of
the removal was 99.944% at a pH of 11.00. At a lower concentration of 50 mgiL,
maximum nickel removal has not been achieved.

According to the experimental data obtainesing the NaOH solution, the residual
concentration of copper ions decreases with the increasieeqfH and also with the
increase ofthe initial concentration. The volume of NaOH solution required for the
precipitation of copper and to reach the finalpHI1 also increases. (Negreiaal, 2008).

Conclusion

Chemical precipitation of soluble metal ions as insoluble metal hydroxides is a simple
method for removing metals contained in water basedthenpH changes. Sodium
hydroxide proved to be affective and relatively cheap means for removing*@nd N?*

from their monocomponent aqueous solutions of initial concentrations of 50 and 500 mg/L
for both metals. This method achieved the maximum removal of both heavy metals. The
maximum removal eftiiency for copper was achieved at a lower concentration of 50 mg/L
at a pH of 10.04, while the maximum removal efficiency for nickel was at a concentration
of 500 mg/L at a pH of 12.23. With both metals, further increase in the pH above the
optimallevelyielded the dissolution of the insoluble precipitates again to the solution.
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$1$/,=% '26$'$4a1-( 3529('%( , 60-(51,&( =$ 32%2/-a$1
KVALITETE VODOOPSKRBNOG SUSTAVA SUKLADNO
ZAKON ODAVNOM OKVIRU U REPUBLICI HRVATSKOJ

UDK: 628.1 : 167.6(497.5)
6DYH asSsDQMD ,YDGBDQ@GDPRIUNDLRE 'DYRU 7RPL

,'7 GRR . 3 6YDpLUD 2VLMHN +UYDWVND
VWUXpPpQL UI

SDaHWDN

5HSXEOLND +UYDWVND 5+ REYH]QD MH RVLYX)UsDEdno RGU a
zakonskoj legislativi koja proizlazi iz smjernica i direktiva Europske unije (EU). Trenutno stanje
YRGRRSVNUEQRJ VXVWDYD YHOLNRJ GDNMRQRGD+ QH RINGRYF
SUREOHPL VH YHaX X] GRWUDMDORVW FMHYRYRGD OR&H R
OR&H NIENRWRNMIBIYOMHQH YRGH NUDMQMLP SRWUR&EDpPpLPD 2VL
YHULK RG VWD QR X QWD XNRMYL MEAHPDOWYDWDQ SULVWXS SLWN
GHPRJUDIVNX VOLNX UXUDOQLK GLMHORYD 5+ WH MH QXaqQbD
SUHVMHN IDNRQRGDYQRJ RNYLUD NRMHJ MH SRWUHEQR RVLJ
VXVWDYD NDR L SULND] JODYQLK SUREOHPD V NRMLP VH VX
REUDYHQH RNYLUQH VPMHUQLFH ]D QMLKRYR UMHADYDQMH
VWDQRYQLAWYD QD YRGRRSVNUEQHNXXWODYDHNRQ®WH XHC
MDYQLP YRGRRSVNUEQLP VXVWDYLPD RNUXSQMLYDQMHP LV
SULPMHQX QRYLK VXVWDYD NRQWUROH QD PUHAL SURYHGER
fondova.

.OMXpQHVYVMHPL MDYQH YRGRRSVNUEH ]DNRQVNL RNYLUL (
sSustava

Uvod

9RGD NDR QH]I]DPMHQMLY SULURGQL UHVXUV pLQL R
5D]YLWNRP GUXawyYD SRYHuUDYDMX VH SRWUHE@H NR
OMXGVNLK DNWLYQRVWL L GDOMQML QDSUHGDN GUX:¢
XJURADYDQMD YRGQL IstrategijaXupravianja VRINIRE@B). EBiguravanje

GRVWDWQLK NROLpLQD NYDOLWHWQH YRGH Stahie&sVWD
VYDNH GUabDYH %RQDFFL XNOMXpXMXuL L 5HSXE
YRGQR ERIJDWVWYR 5+ VH VXRpDYD V QHGRVWDWQLP
QHMHGQROLNR SURVWRUQR L NROLpPLQVNL UDV@BRGLM
QDYHGHQRJ SUREOHPD MH LVSXQMDYDQMH NRQFHSW
RGQRVQR XVSRVWDYOMDQMH UDYQRWHAH L]JPHYyX NRI

“ivana@idtinzenjering.hr
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SRWLFDQMD JRVSRGDUVWYD WH ]DSirdfdghel dpreMijavijX &y D L QML |
2008). Ulaskom u Europsku Uniju, RH se obvezala usvojiti sva prava i obveze na kojima

se zashiva EU, a pri tome i provedbu vVOdNRPXQDOQH LQIUDVWUXNWXUF
'LUHNWLYX R NYDOLWHWL YRGH QDPLMHQMHQLK.]ID OMXG)
'LUHNWLYX R SURpPpLAUDYDQMX NRPXQDOQLK RW.SDGQLK
XVNODYyXMXuL VYRM SUDYQL RNYLU VD ]DNRQRGDYQLP R
OMXGVNRJ |JGUDYOMD RG QHJIJDWLYQLK XpLQDND RG ELOR
[ XGVNX SRWURaAQMX RVLIXUDQMHP QMH]LQD J]GUDYOMD L |
Communities, 1998).

$QDOL]D SRVWRMH i HablamMia QohbDpskridiv stigtév@ L S U

-DYQX YRGRRSVNUEX -9 X 5+ NDUD MwikWELURWDLYSRRBX\pQ R/A
YRGQH XVOXJH QHGRVWDWQD SULNOMXpHQRVW JQDWDQ
JXELWFL XQXWDU VXVWDYD GRWYDEMDREVHQBR VSVURMHDIRJ
NRPXQDOQLK YR&QI5K Jadab gdHg¥akrhDuzrotakve situacije je izrazito
QHSRYROMDQ UD]PMH&WDM VWDQRYQL&AWYD IRUPLUDQLK
QDVHOMHQR&UX NDR SRVOMHGLFD SRYLMHVQRJ UD]JYRMD
EURM LVSRUXpPpLWHOMD YRGQLK RV®KJQ DNERWAIK KM EHAREN B B M
vodoopskrbnom cjelinomStrategija upravljanja voda2008). Osim toga, dio isporuke
YRGH QDPLMHQMHQH ]D OMXGVNX SRWUR&AQMX REDYOMD \
LOL XGUXJD JUDYyDQD &4WR RWHaDYD QWD MWIDNOYQ B X & B WD
SLWDQMH VLIXUQRVW YRGRRSVNUEH NDR L LVSXQMHQM
SRVWRMHUHJ VXVWDYD LOL RUJDQL]JDFLMH QD YRGRRSVNI
VWXSQMD XVSMHAQRVWL L M @GBda.Us/ba vedGoRsRriaQURRHU D] O L p
MH RUJDQL]JLUDQD SUHNR LVSRUXpPpLWHOMD YRGQLK X
SRNULYHQR&UX YRGRRSVNUEQLP VXVWDYRP SRJODYLWR X
SULNOMXpPpLYDQMD QD YHU SR @pskroll bdam geX vV RFDObaWf&RiIGRR SV |
SUHNR YHOLNRJ EURMD ORNDOQLK YRGRYRGD XNXSQR
(8MHYLU %REQMDN L NDRIADHN XOWDW SRYHUDQMD SULNOM:
vodoopskrbne sustave9LAHJRGLAQMLUBGRMHDMRPXQDOQLK YRGQL
=QDpDMDQ XGLR VWRBYRWEXaWROGRP UMHADYD LQGLYI
VWRJD VH SURYHGERP 'LUHNWLYH SODQLUD XNOMXpLWL
]JDWYRUHQH VXVWDYH YR GR RiaxeNediE Hrob@m& luGidnju 200PH AD Y D G
JRGLQH 5+ GRQRVL ASDNHW YRGQLK ]JDNRQD3 NRML XNOM)>
66/19), Zakon o vodama (NN 66/19), Zakon o izmjenama i dopunama zakona o
financiranju vodnog gospodarstva (NN 66/19).
5+ LPD ]QDpDMMQ SRWKEYHQRVWL SRGUXpPpMD V %VOXJRP |
RGQRVQR SRGUXpMD QD NRMHP VWDQRYQLAWYR LPD PR.
SULNOMXpHQRVW 1% S8MRHYLIMH®D R&EQMO@PD L FDORENDH PDQMH X R
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na druge Europske zemlH 3UL WRPX EURM SULNOMXPpHQLK
AXSDQLMDPD RGQRVQR NRRxaQia Opaulfania Roga2008)u L P D
=QDpDMDQ XWMHFDM QD GDQDaQMH VWDQMH YRIGRRS)
JRGLQD NDGD MH BENYIEVYRGMWXYWORBR ELOR QHL]YHGL
vodoopskrbnom sustavu uslijed ratnih zbivanja se procjenjuju na 800 milijuna USD
(Strategija upravljanja voda 7TRPX SULGRQRVL L pLQMHQLFD 1
FMHYRYRGL NRML dpdp§kHbneRr pf&yée Yni3id reXdRstruirani iako su davno
SUHPM¥IROL SUHGYLYHQL YLMHN WUDMDQMD

9RGD QDPLMHQMHQD ]D NUDMQMH NRULVQLNH LVSRUX|
vodoopskrbe nad kojima Hrvatski zavod za javno zdravstvo (HZJZ) obavijaaring u
VYUKX NRQWUROH JGUDYVWYHQH LVSUDYQRVWL YRGH
SRG VWDOQLP QD G]RUR P bM &xaiit@rRe] iGspaRcré/stkiath@ Zakonom X &
YRGL ]D OMXGVNX SRWURaAQMX 11 roj uzoraka koji ne
zadovoljavaju sanitarne standarde iznose manje &d, EOveliki problem ispravnosti pitke
YRGH SULVXWDQ MH @QdaniikeaG Vokpwrsko2 V MNHHRVRNH aX S D G
XQDWRp WULGHVHW L]JJUDVHQLK YR & RSBtRtE€gja (praAjaNM X Y R
voda 2008). Prema analizi HZJZ, 2013. LVSUDYQRVW YRGH ]D OMXGV
YRGRYRGD MH |[DGRYROMDYDMXUuD S U% Ot RGP keSrijdRiP D W L
neispravnih uzoraka i 1,2 PLNURELROR aiNluzokal 868 |¢ Didrieispravne
vode iz lokalne vodoopskrbe visokih 56,4 JGMH MH QDMpH&auL UD]JORJ
PLNURELROR 4N RarR®4 jplvioizdr@ustid, 20£8).

Kriterij za formiranje investicija u vodoopskrbnom sustavu

Analizom staMD L |[DKWMHYD YRGRRSVNUEQRJ VXVWDYD X

problemima uspostavljena su dva kriterija za vrstu i obuhvat ulaganja u javnu

vodoopskrbu:

- KRITERD I tRVLIXUDQMH XQDSUHYHQMH NYDOLWHWH YEF
kojimaseiSSRUXpXMH YLGABQRGOLPYH RSVOXAaXMX YL&H RG

- KRITERO I +tRVLIJXUDQMH SRYHUDQMD SULNOMXpPpHQRVW
posebno u naseljima gdi H SULNOMXpHQRV(WL BIRVED. aRAML S|
gradnje komunalnih vodnih @@ y H Y 20Q9).

UHGYLYHQR MH XODJDQMH SR .ULWHULMX , GR SRW
.ULWHULMX ,, SULODJRYyDYDMX PRIXUQRVWLPD QD XVC
LVSXQLW UH VH XYMHWL L ]JDKWMHYL R®RAIRVRVIWU DR
GRVWDWQH NROLPLQH SLW N FHdraRt@edimXstandaalibng °rvd d V D
RGUHGQLFD ]D SURYRYyHQMD NULWHULMD MH SRYHUL
8ODJDQMHP X YRGRRSVNUEQH VXVWDYH BR®RHRNXON B WYL
8590 D QDMYHuUD SURVMHPpQD SULNOMXpHQRVW iUH VH
LIX]JHY =DJUHED 8 SRGUXpMLPD JGMH SRVWRML VXV
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UXEQLP GLMHORYLPD QDVHOMD L VSe&ddtavd. VQdooisSRHAW RM H (|
RWRND UH VH RYLVQR R ORNDFLML L GUXJLP UXEQLP XY
NRULAWHQMHP YODVWLWLK L]YSraéeyijXipawaxjaXxad2008). L GHVDC
2pHNXMH VH VPDQMHQMH EURM bddva& zhagvriodeDpostépe&nd L] OR
SULNOMXpHQMD QD VXVWDY MDYQH YRGRRSVNUEH aWR O
NYDOLWHWH ALYRWD X SRJOHGX NYDOLWHWQH YRGH V RE
lokalnih vodovoda, a poznato je da voda iz kontamlog sustava (slavine) smanjuje rizik

od kontaminacije i infekcije (Yue i dr., 2017). Drugom odrednicom, odnosno
XQDSUHYyHQMHP XSUDYOMDQMD MDYQLP YRGRRSVNUEQLP
SRGUXpMD SUHPRDHKGQRQRENNR NUNRNUUDLBEE ZQXWRYDW
NRPXQDOQR SRGX]J]HUH V MHGLQVWYHQRP FLMHQRP YRGH
NRPXQDOQLK SRGX]HXIDL® NRMIEWLMQR LVSRUXPpLWHOMD
5DFLRQDOL]DFLMRP SRVORYDQMD L RNUXSQMLY&#QMHP NF
SRVORYDQMH ,98 SRYHUDW UH VH QMLKRYD NYDOLWHWD ¢
DOL UH GRUL L GR RVMHWQRJY MPDROUMKHA KRB WRKRENRWYBPE
institucionalnog ustroja vodAkomunalnog sektora. Zakon o vodnim uslugama (NN

66/ GHILQLUD RVQRYQL NULWHULM ]D RNUXSQMDYDQMH
granica od 2 miljuna M IJRGLAQMH IDNWXULUDQH YRGH YULMHGQI
VPDQMHQMD WUR&ANRYD PRJXUH RGVWXSDQMH RG 8V
sustavgavne vodoopskrbe, sustave javne odvodnje i aglomeracije. Iznimno od osnovnog
NULWHULMD ]D XVSRVWDYX XVOXaQRJ SRGUXpMD ,98 V JR(
1.000.000 M X] I DGRYROMDYDQMH GRGDWQLK NULWHULMD SUL>
prHGVWDYOMDWL J]DVHEQL VXVWDY 3UL WRPX JUDQLFD X
JUDQLFX DJORPHUDFLMH QLWL JUDQLFX YRGRRSVNUEQR
JRUPLUDQMHP HNRQRPVNH FLMHQH YRGH V WHPHOMQLP C
komunaOQRJ GUXawyYybD ELW UH IRUPLUDQD MHGQDND FLMHQD
YRGRRSVNUEH XSUDYR JERJ YHULK PRJXUQRVWL XODJDQWM
LVWRJD LOL L]JJUDGQMX XUHYyDMD ]D NRQGLFLRQLUDQMH
LVSRUXpHQRP YRGRP ,]JMHGQDpDYDQMHP FLMHQH WM QN
L GR UDFLRQDOL]DFLMH X SRWUR&GQML LVWH 5DFLRQDOL]L
WUHUH RGUHGQLFH RGQRVQR X VPDQMHQMXTMIELWDND X
JXELWFL X YRGRRSVNUEQLP VXVWHOHWRPDI H. |QRYUIL SYRWK M
WURADN 30DQLUDQLP XODJDQMLPD SUHGYLYHQR MH VPDQ
1520 6PDQMHQMHP JXELWDND VPDQMLWpLI D/RHD LY KKE\M UNHREN
se gube tijekom uporabe u sustavu. Posljednja, ali jednako vrijedna odrednica odnosi se na
SRYHUDQMH VLIXUQRVWL |DKYDWD YRGH ]D MDYQX YRGRR
vodonosnici ranjivi (mala debljina vodonosnika ili opasnd8tG WUDMQRJ RQHpLAL
]DKYDWL NRML QHPDMX J]DGRYROMDYDMXiUuX NDNYRUOUX YR
LIYRULAWH LOL LPDMX GLR SULDMHYREBULAQRIGUIYPYRDU D PY I
NRPXQDOQLK YRGQUE. UuRsiavkuL €pDdane smjernice teMHADYDQMH
problema na vodoopskrbnom sustavu u pogledu kontrole gubitaka i optimizacije sustava.
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Pregled planiranih investicija u vodoopskrbnom sustavu

8NXSQR SURFLMHQMHQD XODJDQMD X L]JJUDGQMX YF
SRGUXpMD X ROIUGIR E0Q3VDXze<e 6.371.000.000,00 kn financiranjem iz
WHNXIULK LQYHVWLFLMVNLK VUHGVWDYD SRYHUDQMH
80DJDQMD VH RGQRVH QD SREROMADQMH NDNYRUH Y
SURALUHQMH L UdbNMRV@Y VdagratinfuLdddthvé vodoopskrbe do granice
SULXaWLYRVWL L]JJUDGQMX JODYQLK REMHNDWD VXV
L] JUDGQMD YRGRRSVNUEQH PUH&H X] QDJODVDN Q
PRIXUQRVW SULNOMXpHQEMBIJRGEBRGML SURJUDP JUDG
YRGQLK JUDMYD.YRrénia procjeni U ulaganjem samo jednog dolara u
vodoopskrbni sustav ostvaruje se osam dolara koristi (United Nations Development
BURJUDPPH D MHGQD RG NRULWHN IS WRE @ HPFWSK®
NROLpLQD DUVHQD NORULGD QLWUDWD PXWQRUH
PDQJDQD L PLNURELROR&GNRJ RQHpLAUHQMD YHU HY]I
SRMDYH RQHpLAUHQMD WH XNODQMDQMHSULHL XDVIYV!
vodoopskrbnimVXVWDYLPD %DUEDOLUO L GU AWR UH S
]JGUDYVWYHQH |DaAWLWH &DVKPDQ L $VKOH\
JLODQFLUDQMH VYDNRJ SURMHNWD GHILQLUDW UH V|
sposobnosti komunalnog polif D ORNDOQH ]J]DMHGQLFH L XGMlI
RGUHGLW UH VH XGLR EHVSRYUDWQLK VUHGVYW® YD L
RYLVOQR R SURMHNWX +XVDULUOU L GU IDYHGHQU
proces od izrade studijske dokumernj@cs ekonomskdinancijskom analizom
SULXaWLYRVWL SURMHNWD L]JUDGH SURMHNWQH GRN
izgradnje na VS.
=DNOMXpPQR V SURVLQFHP J +UYDWVNH YRGH ND
i koordiniraju provedbu projekd D YRGRRSVNUEQRJ VXVWDYD XN
infrastrukturu za koje je osigurano 7,93 milijarde kuna europskog novca. Potpisano je
ukupno 35 ugovora o dodjeli bespovratnih sredstava ukupne vrijednosti 10,6 milijardi
NXQD RG pHJD BL 4D @HjardiCku(@®. TWjekom perioda 2007.
JRGLQH X VNORSX ,3% 2SHUDWLYQRJ SURJUDF
LQIUDVWUXNWXUQLK SURMHNDWD 'UQL& .QLQ 2VLWN
SULSUHPOMHQ MH MHGDQ S U R iMddfamgko lraZddble2D0-20M. D J O |
XNOMXpLOR MH GHYHW YHOLNLK LQIUDVWUXNWXUQLK
3RUHp 596 2VLMHN 9LURYLWLFD 9RGLFH 9XNRYDU
7UHUH SURJUDPVNR UD]GREOMH X N@#UpreSivnih - 35
infrastrukturnih projekata. Slika 1 predstavlja omjer financiranja sredstava iz vlastitih
izvora i EU sredstava u navedenim programskim razdobljima.
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Slika 1. Vrijednost investicija vodné&omunalne infrastrukire
Figure 1. The investment value afaterutilities infrastructure

6PMHUQLFH ]D UMHADYDQMH SUREOHPD X YRGRRSVNUEQRF

8VSMHAQR GHWHNWLUDQMH L UMHADYDQMH YRGQLK JXEL'
International Water Associatiometodologije, kao i niz drugih aktivnosti koje je potrebno
SRGX]JHWL NDNR EL VH ]DJRVSRGDULOR YRGRRSVNUEQLF
SUREOHP NRML VH QDPHUH YHOLND MH VWDURVW FMHORI
RGUADYDQMH PUHARYLMWKBQIURYHGEEBIGDPMHQH OLMHYDQR
cementnih cjevovoda & |JERJ QDNQDGQH VSR]QDMH R QMLKRYRP
NYDOLWHWX YRGH L OMXGVNR ]JGUDYOMH 8NODQMDQMH al
se rekonstrukcijom zamijenitSRVWRMHUH ]DVWDUMHOH YHULQRP aHOI
WLMHNRP YUHPHQD VWYDUDMX WDOR]L @8HOMH]D pLPH VPI
XWMHpX QD NYDOLWHWX FMHORNXSQRJ VXVWDYD 2VLP (
nepouzdanima u sustavima@R R SVNUEH JERJ XpHVWDOLK SXNQXuD D
X VXVWDYX 6WRJD MH WUHQXWQD SUDNVD UHGRYQH NRQ
PVCmaWHULMDOD X YRGRRSVNUEQRM PUHAL

Osim zamjene starih cjevovoda, potrebno je provesti i ostale aktiwujistia bi se uvela

kontrola gubitaka i ostvarila optimalizacija sustava. Osnovni primjeri implementacije
NRQWUROH JXELWDND X VXVWDYX MDYQH YRGRRSVNUEH \
DMA zona (eng. District Metered Area), PMA zona (eng. PresMaragement Area),
QDG]J]RUQR XSUDYOMDpPNRJ VXVWDYD 186 JHRLQIRUPDFI
QDG]RU L GU 7DNRyHU VH SULPMHQMXMX VWDQGDUGQH
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YRGH L] GLVWULEXFLMVNH PUHAH NDeatrugtrél edkdge ,/, N
Indeks).

,DNR VYDNL PRGHO NRQWUROH VXVWDYD GRYRGL GR S
QDMVNXSOMD RSFLMD LDNR QDMpH&UH QXGL QDMERO
UMHAHQMH NRMH ]D VYD N Ldefikrand. IXakoHedR ddl&bir EoptivMalngdd V H |
UMHGAHQMD NRPSOHNVDQ L VYHREXKYDWDQ SUREOHP
PDOL SULPMHU UDJOLPpLWLK PRIJXUQRVWL SUL RGDELU:
rada: konvencionalnog fiksnog ventila zaasyenje tlaka na izlazu, vremenski modulirane
regulacije tlaka i regulacije tlaka s moduliranim protokom (Mckenzie i Wegelin, 2009).
.RQYHQFLRQDOQL YHQWLO ]D VPDQMHQMH WODND RPR
QD ILNVQX YULMHGRWH SURADUHQRWWIEM QDJOLK SUL
LVWD GUAL QD PDNVLPDOQRM YULMHGQRVWL NRMD X
FMHORGQHYQH QHUDYQRPMHUQRVWL L RVFLODFLMH SF

Slika 2. Konvencionalni fiksni ventil za smanjenje tlaka na izlazu
(preuzeto: Mckenzie i Wegelin, 2009)
Figure 3. Conventional fixed valve to reduce pressure at the outlet
(taken from Mckenzie i Wegelin, 2009)

Vremenski modulirand HIXODFLMD WODND RPRJXuUDYD UHJXODF
RSWLPDOQX YULMHGQRVW SRYH]DQX VD GYD RVQRYQD
GQHYQL L QRuUQL 3UL pHPX VH X SHULRGX QRUQRJ WHI
se smanjuuL. RVFLODFLMH WODNRYD X PUHAL X]JURNRYDQH
(Slika 3). Ovaj sustav predstavlja svojevrsni napredak u odnosu na konvencionalni sustav
uz primjenuviHPHQVNLK PRGXODUQLK XSUDYOMDPD
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Slika 4. Vremenskimodulirana regulacija tlaka
(preuzeto: Mckenzie i Wegelin, 2009)
Figure 5. Time-modulated pressure regulation
(taken from Mckenzie i Wegelin, 2009)

.DR QDMQDSUHGQLML VXVWDY NRQWUROHrdguldtdriiXk@aDFLMH
V PRGXOLUDQLP SURWRNRP 1D WHPHOMX WRPQLK PRGHOI
WODND RYLVQR R NROLPLQL YRGH NRMD XOD]JL X VXVWDY

YUHPHQX XYLMHN RVWYDUXMH RSW Lahb éniaQujpddli X VXV W
RVWYDUXMH NRQWUROD JXELWDND X PUHAL 6OLND

Slika 6. Regulacija tlaka s modularnim protokom
(preuzeto: Mckenzie i Wegelin, 2009)
Figure 7. Presste regulation with modular flow
(taken from Mckenzie i Wegelin, 2009)
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1X4QR MH ]D VYDNL VXVWDY X]J]HWL X RE]JLU QMHJRYH U
WHPHOMX pHJD VH RGDELUH QDMEROMH UMH&HQMH ]D
VXVWDYD 7R MH MR SSdd kbji Mda LARtauHDzir uz primjenu najboljeg
WHKQWPIKRRORENRJ UMHEAHQMD L HNRQRPVNL IDNWRU
]1QDpDMDQ XWMHFDM QD RGDELU QDpLQD XSUDYOMDQM
MH MHG L Q Ri svddav BoRdB slidthw

=DNOMXpDN

8ODIJDQMHP X YRGRRSVNUEQL VXVWDY 5+ VXILQDQFL
VUHGVWYLPD (8 IRQGRYD D SULWRP XVNODyYyXMXiuL VH
UH VH NYDOLWHWD YRGH [JUXOWRBUNKX BRWXRDQM X
SULNOMXpHQRVWL D SRVOMHGLpPQR SRYHUDQMH NYDO
YRGH RNUXSQMLYDQMHP YHOLNRJ EURMD LVSRUXpLYV
RODN&EDQR XSUDYOMD Q Mddehivi Wradu u ¢pegwdu 2 &niehR®doajaiiDi Y

zdravstveno opashih cijevnih materijala u vodoopskrbnom sustavu i smanjenju trenutno
velikin gubitaka unutar sustava implementacijom kontrole gubitaka uspostavom DMA

zona, GIS sustava, telemetrijskog nadzora d ULMH&LW O0H VH SUREOHP/|
VXVWDYX V NRMLPD VH LVSRUXpPpLWHOML YRGQLK XV
SURSLVDQLK GLUHNWLYDPD |]DNRQLPD L SUDYLOQLFLEF
IDWHpHQH SUREOHPH XQWMYDW LV>XaLWDYPIR FQUHEBMBQ LM
XSUDYOMDQMD VXVWDYRP EL WUHEDOL UMH&ADYDWL SL
su problem strukture upravljanja sustavom (podkapacitiran broj radnika, nedostatak
opreme, alata i znanja za pravinoup@ DQMH VXVWDYRP QHGRYROML
L GU L SUREOHP ]DWHpPHQRJ VWDQMD YRGRRSVNUEQ
GLMHORYL PUH&H L REMHNDW D-cehiziMiw Dijegw) Kvaliiedd Wodg X V V/
koja ne udovoljava standardiD (8 PDOL EURM SULNOMXpHQRVWL Q
EURM UXUDOQLK QDVHOMD EH] SULVWXSD SLWNRM YR
SUREOHPH 2VLP XRpDYDQMD SUREOHPD YDaQR MH V
upravljanja i monWwW RULQJD 2UOLNRZVNL L GU ,VSRUX
YRGRRSVNUEQLP VXVWDYRP NDNR EL VH RVWYDULOL L
GXaHP SHULRGX
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ANALYSIS OF THE CURRENT IMPLEMENTATION AND GUIDELINES
FOR IMPROVING THE QUALITY OF THE WATER SUPPLY SYSTEM
IN ACCORDANCE WITH THE LEGISLATIVE FRAMEWORK IN THE

REPUBLIC OF CROATIA

UDC: 628.1 : 167.6(497.5)
6DYH aSDQMD ,YDQD 3ULPIRYUDWF 7RP Q6O &L NL

,'T G R R . 3 6YDpLUD Croatia 2VLMHN
professional paper
Summary

The Republic of Croatia is obliged to provide a sustainable water supply system in accordance with
the legislation stemming from the guidelines and directiveth@fEuropean Union. The current
water supply system in the Republic of Croatia, for the most part, does not meet the regulatory
standards of the current legislative framework. The biggest problems are related to: pipeline
deterioration, poor maintenancedalarge losses of the entire system and poor quality of delivered
water to end consumers. In addition, there are a large number of settlements of more than 50
residents who do not have adequate access to water, which further aggravates the demographi
picture of rural parts of the Republic of Croatia and is necessary for global problem solving. This
paper provides a crosection of the legislative framework that needs to be ensured through the
implementation of the water supply system improvement as agelan overview of the main
problems encountered by water supply providers. Furthermore, the paper elaborates the framework
guidelines for solutions to these problems, which include: the increase in the number of people
connected to the water supply systeetonstruction of the existing system, improvement of water
supply management by uniting water supply providers, water loss reduction, the application of new
network control systems through the implementation of investment projedisacced by EU

funds

Keywords: water supply systems, legislative framework, EU fonds, water quality, water supply
system improvement
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UDK: 628.112(497.543)

Mirna Habuda-6 WO QLDPLU 0B ¥y&4d Santa, +UYRMHZ,6XbLU
ODULR & MddaMatovinal

!16YHXPLOLAWH -RVLSD -XUMD 6WURVYWRK\QGROR S NALV LIMNNXW 13 WH X\
.XKDpD 2VLMHN +UYDWVND
2=DYRG ]D MDYQR ] GDRNDQWYWRN B VAKISIDNOR. M H ) Odlje®, MikvatskdaH & P H
S6YHXpPLOLAMWH GMHYBUND 'ROLQDUDHrvatska .RSULYQLFD

originalni znanstveniad

SDaAaHWDN

1D SRGUXPpMoODDIQMNNNA AXSDQLMH @ bal&R ¥l 264 RaseljiR. Foda zaN P
OMXGVNX SRWUREQMX ORNDOQRP VWDQRYQLaAWYX RVLJIXUDYD
ubGb ELR MH SULPMHQRP PHWRGD GHVNULSWLYQH VWDWLV\
MHGQRJRGLAQMLP PRQLWRBEQESRP L@WDHBHQXKKW WUGLWL NRUHOD
DQDOL]JLUDQLK SDUDPHWDUD O6WDWLVWLpPpND DQDOL]D SRND]XM>
YULMHGQRVWL X X]JRUFLPD YRGH LVSLWDQLK YRGRFUSLOL&AWD G
amRQLMDND L DUVHQD WH PXWQRUH L ERMH RVFLOLUDMX ,]PMFE
analizirane su i kemometrijskim metodama. Faktorskom analizom dobivena je korelacijska matrica
NRMD SULND]XMH RGQRVH PHyYyX L]JPMHUHs@akei kobddeMracaQ RVWLPD
Klasterskom analizom kreirani sNODVWHUL L GHQGURJUDP VD VOLPpQLP YULM
X]JRUFLPD $QDOL]D JODYQLK NRPSRQHQWL SRND]DOD MH ]QDp
svojstava i koncentracija. Kumulativhone uzrokuju 95,76 % varijabilnosti unutar analiziranog

VHWD SRGDWDND L XWMHpX QD PHYyXVREQX ]QD p DMapjgkeUD]OLN X
4XSDQLMD

.OMXpQH NLNWHRLD YRGH GHVNULSWLYQD VWDWLVWLND NHPF
2VMHBERNBDQMVND axXsbQLMD

Uvod

Voda je neprocjenjiv prirodni resurs o kojem ovisi socijalno i ekonomsko stanje svake
GUADYH X VYLMHWX D JRGLQH 2UJDQL]DFLMD 8MHGLQ
kulturu (United Nations Educational, Scientific and Cultural Organization, UNESCD
REMDYLOD MH LVWUDALYDQMH SUHPD NRMHP +UYDWVND
REQRYOMLYRVWL VODWNRYRGQLK UHVXUVD X GUAaDYH
VWDWLVW ElrdpBké uxij¢ HhaviodiadHrvatska sa Pgiatkovodnevode po

stanovniku, zauzim@rvo mjestu u Europskoj uniji (UNESCO, 2003; Eurostat, 2019). U

“mirna.habudatanic@ptfos.hr
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usporedbi sSUD]YLMHQLP JHPOMDPD ]DSDGQH (XURSH +UYDV
vode kojom obiluje. No, kako se pojed@LMHORYL +tUYDWVNH JQDpDMQ!|
WDNR VYRMVWYD SRYUALQVNLK D QDURpPLWR L SRG]
NHPLMVNRP L PLNURELROR&ANRP VDVWDYX 3RG]JHPQH Y
MXaQRJ GLMHOD +UYDWOYVRAH WOV RINCHM WHDINYPR IGH MBRN  V
Hrvatske, uslijed negativnih posljedica urbanizacije, industrijalizacije, primjene
VXYUHPHQLK DJURWHKQLpNLK PMHUD WH LQWHQ]LYQR
WDNRYHU GRSULQRVH NOLPRWRBENH JiQ B poYhdbljE kY W
relativno mali ukupni broj stanovnika

SRG]JHPQH YRGEDDDMMPNR aXSDQLMH JODYQL VX L]YRU
X LJYRUQRP VWDQMX pHVWR VDGUAH SRYL&AHQH NRQI
arsenaWH SRYHUDQX PXWQRUX L ERMX VWRJD pHVWR QH
LVSUDYQRVWL YRGH ]D OMXGVNX SRWURaAQMX 8NROI
GLVWULEXLUDMX VWDQRYQLaAWYX X VYUKX YRGRRSVNU
odgovDUDMXULK WHKQRORANLK SRVWXSDND NRMLPD VH
7THKQRORA&ANL SRVWXSFL NRML VH SUL WRPH SULPMHQM
NRDJXODFLMX V IORNXODFLMRP WDORAHQMH. VbHOWUL
nakon prerade mora odgovarati odredbama Pravilnika o parametrima sukladnosti,
PHWRGDPD DQDOL]H PRQLWRULQJX L SODQRYLPD VLJX
YRYHQMD UHJLVWUD SUDYQLK RVRED NRMH RE/MD7?7,@MDM |
koji je u suglasju s istovrsnim pravilnicimuropske unijé Zakonom o vodi za ljudsku
SRWURaAQMX 11 L

Cilj ovog rada je primjenom kemonngskih metoda analize detektirati i objasniti vezu
LIPHyX LIPMHUHQLK YULMHGQRVWL SDUDPHWDUD NDN
3RG]JHPQH YRGH X]JRUNRYDQH VX EDUDYQYRIFZRHUSXOD QWI
redovnih analiza i monitoringa kojegBURYRGL =DYRG ]D MD Y-RaRinjskdJ DY V
AXSDQLMH 1DYHGHQLP PRQLWRULQJRP RGUHYHQH VX
OMXGVNX SRWUR&EQMX D GRELYHQL SRGDFL REUDYHQL
metodama analize podataka. (Qyuia je varijabilnost pojedinih sastojaka i svojstava vode,
QMLKRYD PHYyXVREQD SRYH]DQRVW ]JDYLVQRVW L SUL!
DQDOL]JH QD NRULAWHQL VHW SRGDWDND

Materijali i metode

Uzorkovanje

Uzorci vode, analizirani u Zavodu za javnpGUDYVW YRERVDG@RBMNRH &aX!
XJRUNRYDQL VX QD Y RERFLGM O NHWXX SDKQHRMKR 8]RUN |
QD QDpPpLQ GD VX X]JRUFL YRGH XJ]HWL X SUHWKRGQR S|

PO 8 VYUKX PLNURELRORSNHK DR®@R ] ¥ WEHRFLHO V]X U D Q
ELRNHPLMVNH SRWUR&QMH NLVLND L NRQFHQWUDFLM
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Winkleru. Posude u koje se uzima uzorak potrebno je prije punjenja dva do tri puta isprati
vodom od koje se uzima uzorak za amaliKada se uzorak uzme, bocu je potrebno
]IDWYRULWL SOXWHQLP LOL VWDNOHQLP pHSRP WH R]QDpL
podaci o vrsti i temperaturi vode, mjestu i temperaturi zraka na mjestu uzorkovanja i
vremenu uzorkovanja. Ukoliko se vodDKYDUD SXPSRP SULMH X]LPDQML
potrebno je vodu lagano ispumpavati 15 PLQXWD NDNR EL VH LIEMHJOR 1D
Habuda6WDOQLU

Analiza uzoraka

IDNRQ X]J]RUNRYDQMD RGUHYHQL VX RUJDQKem®ijBkEWLpPpNL
SDUDPHWUL NDNYRUH YRGH VXNODGQR ]JDNRQVNRM UHJXO
LVSUDYQRVWL X]JHWLK X]J]RUDND YRGH 8 RYRP LVWUDALYI
YLMHGQRVWL ERMH PXWQRUH PLULV L RNXV IWBsGH WHPS
DONDOLWHW 4sXWNRSESDD® WQRPUGRUD N&o@B,HQritfd) DitkataM H N OR L
IRVIDWD VXOIDWD L NDWLRQD QDWULMD NDOLMD NDC(
PLNURELROR&NL SRND]DWHOML NDNYRUH YRGH
%RMD YRGH RGUHdnEN DlatickbbahMéd @nétbdom(AWWA, 2017).
7THPSHUDWXUD YRGH RGUHYHQD MH XPMHUHQLP ALYLQLP W
-5do+30f& V SRGMHORP RG f& LOL XPMHUHQLP GLJLWDOQ
.XOHA&a L +DEXGID
2GUHYyL¥SDPQ™WUHLMHGQRVWL SURYHGHQR MH SUHPD +51 (1 ,¢€
metra SevenEasy-&k (Mettletk 7 ROHGR AYLFDUVND 3ULMH SRpHWND
NDOLEUDFLMVND NULYXOMD X WUL WRpPNH S+
standardnih pufekéh otopina (Mettler7 ROHGR &YLFDUVND SUL UHIHUHQYV
f& $::$ +51 (1 ,62 OXWQRUD X]RUDNEenRGUHYHQI
+51 (1 ,62 WXUELGLPHWURP 785% ,5 7: 1MHPDE{
PMHUHQMD XUHYDMWWH MIRGNEHUVWD QGDUGQLP FHUWLILFLU
178 :7: 1MHPDpRNDV YRGH RGUHYyHQ MH RUJDQROHSWLYD
2GUHYyLYDQMH PLULVD SURYHGHQR MH SR X]JLPDQMX X]RUN
laboratoriju p_MH NHPLMVNH DQDOL]H 2NXV YRGH RGUHYyHQ M}
axXSoOMLQD PRUD ELWL SULSUHPOMHQBSWDQRGD GH]JLQILFLU
(OHNWULPQD YR G Opveimd RIRNVENZ 88 Q008 Kodddkometrom Mettler
7TROHGR 6HYHQ(DVN 6 V WHPSHUDWXUQRP NRPSHQ]JDFLMR
VWDQGDUGQH FHUWLILFLUDQH RWRGHQR RGAkaleMVBDFP O
opisuie VDGUADM NDUERQDWIDG UERNWIUER QDWGBUHYHQ MH SUHI
ISO 99631:1998, kojom se opisuje titracijska neutralizacija s kiselinom uz indikator
fenolftalein i mett RUD Q& &KMrOR SRND]DWHOM MH VDGUADMD RUJD
Otopina kalijevog permanganata sOAULMDYD X NLVHORP PHGLMX SUL
RNVLGDFLMH L sXRWWRRD ROQROLPLQL L VWUXNWXUL RUJID
.XOH& L -6MEX@LOI
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OHWRGRP LRQVNH NURPDWRJUD ldnMdria (fucridi HdoHdQ RitratiX N R (
nitriti, fosfati i sulfati) i kationa (natrij, kalij, kalcij, magnezij i amonijak) prema metodi
HRN EN ISO 103041:2009 (anioni) i HRN EN ISO 14911:2001 (kationi). Koncentracije
QDYHGHQLK SDUDPHWDUD RGUH308@BioveX, SARFURUPKa X U H |
ttUGRRMHUD MH RWRSOMHQRJ NDOFLMD L PDJQHILMD
koncentracija kalcija i magnezija svakog pojedinog uzorka prema SM 2340 B (AWWA,
.RQFHQWUDFLMH aHOMH]D PDQJDQD L DUVHQD X
metodamaDIN 38406 ]D @aHOMH]R -33,(%a mangan) i HRN EN ISO 15586
]D DUVHQ L SR PriisX800RerkiD Hrber$ SAD).
OLNURELRORAND DQDOL]D SULNXSOMHQLK X]JRUDND Y
koliformi i Escherichia coliR G U H y ih&adoviXHRN EN ISO 9308: 2000/1: 2008,
EURM NRORQLMD QD f& L f& RGUHYHQ MH PHWRG
HQWHURNRNL RGUHYHQL PHWRGR®W. Gldstridigh péfRingeri
RGUHYHQ MH X X]RUFLPHRNENGSO HAUS9RIB. PHWRGL

6WDWLVWLpPpND REUDGD SRGDWDND

5H]XOWDWL DQDOL]D X]JRUDND -EP&D QMY RERIPUSDL.Q@ILLNM W
JUXSLUDQL L DQDOL]JLUDQL GHVNULSWLYQLP VWDWL)
QXPHULpPpND NDUDNWHULVW LcHrralmihR MidierSijans CaGobkaiupd H U
VUHGQMX YULMHGQRVW SRGDWDND %HQ&LU L &4&XYDN
izrazom (1):

5,..,
LS Al Ty (1)
9DULMDQFD L VWDQGDUGQD GHYLMDFLMD SULND]XMX

sredne. Varijanca niza izmjerenih vrijednosti xz, ... ,x» YDULMDEOH ; UDpXOQI
izrazu (2), a standardna devijacija izrazom (3):

@ L= Al ToF T8~ 2)

BLY@L & Ay ToF THi- 3)

Korigirana standardna devijacija uzorkapacjenu standardne devijacije grupe podataka
LIUDpXQDYD VH MHGQDGAERP

_ g€ 788 >:6 768 >®>:¢y?ed
s= § ot (4)
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Koeficijent varijabilnosti je odstupanje od minimalne i maksimalne vrijednosti u skupu
podataka od srednje vrijednostRkML VH RGUHYyXMH MHGQDGAERP DL
(%) (Kurtanjek et al., 2003; Mathias, 2007)

%Hsrw"? (5)

.RHILFLMHQW NRUHODFLMH MH QXPHULpPpND NDUDNWHULV
komponentama dvodimenzionalnog skupd)® pXQD VH MHGQDGAERP

éN \§£:E7A';:E7 4; (6)
E E
gdje je
— (Y x(¥8=N:JlL ¥8=N;

BNROLNR MHOXpDMQMi Y DdhdrdirBji, @ ldko je vrijednost koeficijenta
korelacije 1 ili-1 tada su linearno povegaH % HQA&aLU L AXYDN

Kemometrijske metode analize

.HPRPHWULMD MH NHPLMVND GLVFLSOLQD NRMD PDWHPDYV
LOL RGDELUH RSWLPDODQ PMHULWHOMVNL SRVWXSDN
maksimalnog broja informaci QDOL]J]RP aWR PDQMHJ EURMD SRGDWD
podataka (Mathias, 2007; Peters2007).

.HPRPHWULMD VH QDMpH&aUH NRULVWL X DQDOL]L VNXSD ¢
PRGHOD D SULPMHQMXMH VH SUL XPMHUE pDlmtali YHOLNR
NYDOLWHWH L SUDUHQMX SURFHVD SURL]JYRGQMH :ROG L
RYRP UDGX NRUL&A&WHQH VX GYLMH NHPRPHWULMVNH WHKC
Principal Component Analysi®CA) i klasterska analiza (er@luster AnalysisCA).

$QDOL]D JODYQLK NRPSRQHQWL VH SULPMHQMXMH SUL R
DQDOL]H NRUHODFLMD XQXWDU MHGQRJ VNXSD YDULMDE¢
SURVWRUD WH XWYUVyLYDQMD YDIRGDWDOQRYRHRXXDDID® L
broja varijabli (Miller i Miller, 2000). Svojstvene varijable su varijance glavnih
komponenti. Svakom komponentom cilj je izdvojiti maksimalnu varijancu iz seta
podataka. Kumulativna varijanca koju opisuju svojstvene varijaliesiz100%, a za
VWDWLVWLpPpNL ]QDpDMDQ RSLVY YDULMDELOQRVWL SRGDW
varijanca iznosi 95 BUYRP JODYQRP NRPSRQHQWRP REMD&QMH
XNXSQH YDULMDQFH D SRVOMHGQMRP NRPSRQHQWRP QTC
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GRELMH VH PDWHPDWLPpNL MHGLQVWYHQR UMHAHQMH N
PDWULFX XNR O L%RkompbnerbeG & aikblikd su komponente ortogonalne,

QMLKRYRP XSRWUHERP J]QDWQR M&hBRBOIDWNAD WXPDpHQM
Klasterska analiz2NODVLILFLUD REMHNWH X VNXSLQH QD QDpL
REJLURP QD RGUHYHQH YDULMDEOH WH UD]OLpPpLWD R
BULPMHQRP RYH PHWRGH SRGDWFL VH JUXSLUDMX X N
objekti grup,UDQL X LVWL NODVWHU &LOM NODVWHUVNH D
NODVWHUD pLMH YDULMDEOH SRYH]XMH RGUHYHQD VOL

Rezultati i rasprava

'"HVNULSWLYQRP VWDWLVWLpPpNRP DQDOL]RP Lle]RddeHUHQ
RGUHYyHQH VX VUHGQMH YULMHGQRVWL VWDQGDUGQ
DQDOL]JLUDQH X]JRUNH SRG]HPQ LK DXRIE@M ¥ RIG REXUSDL. QLI
vrijednosti prikazane su Tablici 1 3URVMHpQD WHPSHUDi¥pXabid SRC
YRGRFUSLOLaAWL &7 @eRjabilnost od 8,638 D V SRX]GDQRBRAUX R
mogu se relevantnima smatrati sve izmjerene vrijednosti temperature vode u rasponu od
12,988 do 14,0512& 2VWDOH YULMHGQRVWL WHPSHredjg XUH
YULMHGQRVWL L SRYHUDYDMX YDULMDELOQRVW VNXS
LIPMHUHQLK YULMHGQRVWL WHPSHUDWXRI HVMRSH U M/ X
LVSLWDQLK YRGRFUSLOLAWD pLQL SULOLpQRn#iBRMARJIHC
RGUHYHQH YULMHGQRVWL PXWQRUH L PLULVD X]SUDN
QHSRX]GDQLP SUHGLNWRULPD ]D L]JUDpXQ RVWDOLK
IDNOMXpDND R RVWDOLP PMHUHQLP YHOLPLQDPD

Srednja vrijednost pH vrijednost uzorakaR G H V YRGRFUSLOLaAWD ELO
YDULMDELOQRVW RG WH PR&AHPR ]DNOMXpLWL
YRGRFUSLOLAWLPD pLQL KRPRJHQ VNXS SRGDWDNL

YDULMDELOQRA&AUGX NDR WHMRQEGDQ W WMIRLIMD BERQR |
WDNRYHU SRND]XMX KRPRJHQRVW VNXSD SRGDWDND E:
manja od 10 %.

.RHILFLMHQWL YDULMDELOQRVWL RVWDOLK VYRMVWDY
XWURADN ND O ardtél Xdp irSaHko€fiDijend varijabilnosti 305,251 %, ukupni
koliformi s koeficijentom varijabilnosti 320,974 %:.. coli s koeficijentom varijabilnosti
318,523 % Clostridium Perfringens koeficijentom varijabilnosti 376,665 % itd. Uslijed
navedenog, paramWUL pLML MH NRHILFLMHQWbo SnattdnMEME L O C
QHSRX]GDQLQ SUHGLNWRULPD ]D L]JUDpXQDYDQMH RV
IDNOMXpDND R RVWDOLP YHOLpLQDPD

157



8th Internatioral Conference WATER FOR ALL
21-22 March 2019
Osijek, Croatia

Zbornik radova / Proceedings
Voda i zdravlje / Water and health

Tablica 1. 'HVNULSWLYQD VWDWLVWLpND DQDOL]D LIPMHUHQLK YUL
YRGRFUSLOLAaMDDU R QMVIMRMRAXSDQLML
Table 1. Descriptive statistic analysis of measured water quality parameters in samples taken from

21 wateffields at OsijekBaranja County

Valid Conf. Conf. . Conf. SD + Conf. SD Coef.
Parametar N Mean -95,000% | 95,000% Min. Max. Std.Dev. | g5 600% +95,000% Var.

T(I) 21 13,519 12,988 14,051 10,525 15,050 1,168 0,893 1,686 8,638
OXWQRUD 17 21 7,942 3,665 12,218 1,115 34,120 9,395 7,188 13,568 118,308
Miris 21 0,143 -0,020 0,306 0,000 1,000 0,359 0,274 0,518 250,998
pH 21 7,401 7,269 7,534 6,690 8,035 0,291 0,223 0,421 3,935
ElLvod. —6 FP 21 658,600 | 560,528 | 756,853 | 304,250 | 1031750 | 215,649 164,985 311,413 | 32,739
(?n\g,;\;LUQR)a DN.0G 5 5,450 2,123 13,023 0,695 77,920 16,636 12,728 24,024 | 305251
H S (Mg/L HbS) 21 0,019 0,019 0,020 0,019 0,024 0,001 0,001 0,002 6,786
NH » Tmg/L NHs") 21 0,546 0,261 0,832 0,075 2,100 0,628 0,480 0,906 114,877
NO * ¥mg/L NOy) 21 0,034 0,032 0,035 0,027 0,042 0,003 0,003 0,005 10,120
NO 7 gmg/L NOs) 21 5,425 2,896 7,954 2,900 25,750 5,556 4,251 8,023 102,416
?n%c,’LZJCQ_) 21 443,036 | 375266 | 510,806 | 180,500 | 605250 | 148,882 113,903 214,996 | 33,605
FH—J ) 21 172,930 | 132,460 | 213,399 | 51500 | 410,000 | 88,906 68,018 128,386 | 51,412
Ca+ {mg/L Ca") 21 72,298 58,253 86,342 26,500 | 126,500 | 30,853 23,605 44,554 42,675
K H(mg/L K 21 1,538 1,122 1,954 0,601 3,800 0,914 0,699 1,320 59,435
Na f(mg/L Na) 21 43,094 24,805 61,383 8,300 148,000 | 40,178 30,738 58,019 93,232
Mg + {mg/L Mg®) 21 24,081 18,940 29,223 9,408 45,500 11,295 8,642 16,311 46,905
PO« ¥mg/L P) 21 76,774 41,568 111,980 | 23,500 | 364,500 | 77,343 59,172 111,688 | 100,741
SiO+(mg/L SiQ) 21 15,052 12,303 17,800 4,345 24,900 6,038 4,619 8,719 40,114
Cl ¥{mgl/L Ch) 21 9,600 4,229 14,971 3,050 53,750 11,800 9,028 17,041 122,920
SO-& 21 11,762 7,502 16,022 4,500 31,500 9,358 7,160 13,514 79,563
(mg/L SO«
As —J 1 21 35,026 12,368 57,684 0,405 188,000 | 49,777 38,082 71,881 142,114
Fe —J 1/ 21 989,623 | 477,797 | 1501,449 | 24,250 | 4214,750 | 1124,411 | 860,241 1623,728 | 113,620
MR —J / 21 103,967 | 59,645 148,289 | 8,333 401,150 | 97,370 74,494 140,609 | 93,655
An.Ten —J / 21 49,310 48,664 49,955 49,000 55,500 1,418 1,085 2,048 2,877
Dikioretan —J / 21 0,034 0,007 0,061 0,019 0,290 0,059 0,045 0,085 172,037
Trikioreten —J / | 21 0,022 0,003 0,040 0,009 0,157 0,041 0,031 0,059 186,289
Te_”ik";’e‘e” 21 0,018 0,005 0,031 0,009 0,129 0,029 0,022 0,042 164,056
Ti”aJk";’e‘e” 21 0,018 0,005 0,031 0,009 0,129 0,029 0,022 0,042 164,056
(L::;i;g“rf{m) 21 11,738 5,412 28,888 0000 | 169,000 | 37,676 28,825 54407 | 320,974
E. coli (n/100 mL) 21 4,262 1,017 10,441 0,000 60,000 13,575 10,386 19,603 | 318,523
UB- f& K 21 24,060 -5,649 53,768 0,000 267,500 | 65,265 49,932 94,248 271,266
(cfu/l mL)
%C?u'/l rf] S K 21 82,167 | -25874 | 100,207 | 0,000 | 1085000 | 237,350 | 181,587 342,750 | 288,865
Enterokoki
(ehu/100mL) 21 5,536 -1,196 12,268 0,000 51,500 14,789 11,314 21,356 267,156
Ps. Aerug. 21 4,333 -0,632 9,298 0,000 36,750 10,907 8,345 15,751 251,702
(cfu/100mL)
Cl. Perfr.
(ehur100mL) 21 2,095 -1,497 5,688 0,000 36,250 7,892 6,038 11,397 | 376,665

Slike 1 i 2 prikazuju raspodijelwrijednosti izmjerenih podataka u prve dvije faktorske

ravnine koje zajedno opisuju 44,80 ukupne varijance. Mjerena svojstva prikazana na

Slicil NRMD VX XGDOMHQLMD RG LVKRGLaAWD J]QDpDMQLMH G
Svojstva koja su grupi@ D X OLMHYRP GRQMHP GLMHOX JUDID MHC
SRYH]XMH V LVWRYUHPHQRP SRMDYRP PLNURELROR&NRJ F
QH ]QDpL L NRUHODFLMX SRMDYQRVWL L EURMQRVWL SR
njihovu istovremenu pajnost u vodi. Navedena pojavnost opisuje i parametare prikazane

u desnom donjem dijelu grafa. Kada raste vrijednost jednoga parametra, raste vrijednost i
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ostalih jer su u pozitivnoj korelaciji. Mjerena svojstva koja su na faktorskoj ravnini
udaljenjaodLVKRGL&WD ]QDpDMQLMH GRSULQRVH YDULMDEL

Slika 1. Raspodjela parametara s pozitivnom korelacijom u faktorske ravnine
Figure 1. Distribution of parameters with positive correlation into factor planes

Slka2 SULND]XMH MH JUXSLUDQMH VHWRYD L]PMHUHQLK
2VMHBNBDQMVNH aXSDQLMH aWwR MH UHGQL EURM YRG
PMHUHQL SRGDFL YL&A4H RGVWXSDMX RG SURGRHPQLR LY
XGDOMHQLML MHGDQ RG GUXJRJ WR VX PMHUHQL SRG
EU NRMH R]QDpDYD YRGRFUSLOLaAWH %HOLauUH QDOI
WRpPpDND QD JUDIX 8WR XND]XMHUGD O/ H W D NEYLR U DS RR\GYR
L VDVWDYX SRWSXQR UD]JOLNXMH RG GUXJLK 1DYHG
neposrednom blizinom rijeke Drave koja infiltracijom prihranjuje vodonosnik iz kojeg se
]JDKYDUD YRGD QD YRGRFUSLOUWEYWXMEUD QIVOR | B RNADYNUYYR
EDUDQMVNH aXSDQLMH 6WRJD VX NHPL]PSlicivR@ife L R]¢
PHYyXVREQR XGDOMHQH

159



% Sth Internatioral Conference WATER FOR ALL
] 21-22March 2019
Osijek, Croatia

Zbornik radova / Proceedings
Voda i zdravlje / Water and health

Slika2. *UXSLUDQL VHWRYL LIPMHUHQLK SRGDWDND R NDNYR
2VMHBEBNBDQMVNH 4aXSDQLMH
Figure 2. Groups of water quality data sets fr@sijek-Baranja County watewells

.ODVWHUVND DQDOL]D YDULMDELOQRVWL DQDOL]JLUDQLK V
EDUDQMVNH &XSDQLMH SRNDIDRIGD INDH |®H 6 MR LWDHP R B QD)
SURVMHpPQLK YULMHGQRVWL DQDOL]JLUDQLK SDUDPHWDUD
YRGH V YRGRFUSLOLAWD EURM L RGQRVQR SRG
'RQML OLKROMDF %HOLAUSIRWYUHMBIFLLI%DONMNLIEBRLND]
komponentiSlici2 QD NRMRM VH WDNRYyHU MDVQR XRpDYDMX RGV\

LVKRGL&WD

Slika3. ' HQGURJUDP NODVWHUVNH DQD®&D]JWHD Q MRNGH RN S D@L AWHD
Figure 3. Cluster analyis dendrogranof 21 waterwells in OsijekBaranja County
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=DNOMXpFL

BULPMHQRP GHVNULSWLYQLK VWDWLVWLpPpNLK L NHPRP
R NDNYRUL X]JRUDND YRGH X]RNURY-EQHM IQDPMYRE RFASIL@
XWYUyLYMOWRDYH YDULMDELOQRVWL PHYyXVREQH SRYF
SULNODGQRVWL SULPMHQH NHPRPHWULMVNLK PHWRGD
QDYHGHQLK PHWRGD DQDOL]H SRGDWDND QDMYHUH YU
su NRG PLNURELRORANLK SRND]DWHOMD NDNYRUOH Y]
YDULMDELOQRVWL |JDELOMHAHQL NRG NRQFHQWUDFLML
X]JRUDND VLURYH YRGH $QDOL]JRP NRUHODFLMVNLK R
izmey X NRQFHQWUDFLMD QLWUDWD L RVWDOLK DQDOL
NRUHODFLMH V NRQFHQWUDFLMRP NORULGD 1DMYHUL
]JDELOMHA&HQ MH L]JPHYyX YULMHGQRVWL HOHNWG&PpQH Y
$QDOL]RP YDULMDELOQRVWL YULMHGQRVWL SRMHGQL
YULMHGQRVWL XWYUYyHQR MH NRG NRQFHQWUDFLMD al
X]JRUFLPD YRGH V YRGRFUSLOLawD EU G RAnaliza —1J
SRGDWDND WDNRYyHU MH SRND]DOD GD VX XWYUVyHQH N
YRGRFUSLOLANDD DDOWMWHNINRAXSDQLMH X SR]JLWLYQRM
koncentracijama mangana.

Provedena analiza glavnih komponenti pokazuje daSSR X]GDQL PDWHPDWL
YDULMDELOQRVWL SRGDWDND PR&H NUHLUDWL QD WHI
95,7579 YDULMDELOQRVWL D SUYH GYLMH YDULMDEOH J
varijabilnost skupa podataka, opisuju samo 44)3%#arijabilnosti podataka.
JDNWRUVND DQDOL]D L JUDILpNL SULND]L VHWD SRGD
2VMHPNBDQMVNH aXSDQLMH SRND]DOL VX VOLPQRVW Y
NDNYRUH YRGH V YRGRFUSLORGWIU RVQODHIDMBERYRGM WX
NDNYRUH YRGH XWYUyHQR MH MHGLQR NRG YRGRFUS
LQILOWUDFLMRP SRYUALQVNH YRGH ULMHNH 'UDYH .R
]QDPpDMQLMRM PMHUL QH S WIRIWD Y MXWRU ¥ RGMRLAKRRWQ KN &
SULPDUQR XYMHWRYDQD JHRORANLP VDVWDYRP WOD L
SRND]XMX GD YRGH LVSLWDQLK YRGRFUSLOLaAWD QDMp
AHOMH]D L KLGUROHQMWWUWER € DAVRIE GWHLMR VW L
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CHEMOMETRIC WATERS ANALYSIS OF
OSIJEK-BARANJA COUNTY WATER -WELLS

UDC: 628.112(497.543)

Mirna Habuda-6 WD QLDPLU 0QY¥&d Santd +UYRMHKH 6XpLU
ODULR & Mbdamatovinat

Josip Juraj Strossmayer University of Osijek, Faculty of Food Technology Osjj¢gkD Q MH . XKD |
20, 31000 OsijekCroatia
2Institute of Public Health OsijeRaranja County JUDQMH .UH&PH Croatia 2VLMHN
SUniversity North 7UJ GU &DUND 'ROL QDU DCroatia .RSULYQLFD
original scientificpaper
Summary

The OsijekBaranja County, with the surface of 4152%iave 264 settlements wich are supplied

with drinking water obtained from 21 watesells. In this paper, the results of descriptive statistical
analysis reveal the basic characteristics of groundwater samples. The results show uniform values of
temperature and pH in water samples. By compaointpe results and the prescribed permissible
values, elevated concentrations of iron, manganese, ammonia and arsenic were found, as well a:
elevated values of turbidity and color in certain samples. The measured values of water qualiy were
also analyzed Y chemometric methods. Factor analysis yields a correlation matrix showing
relationships between measured values of analyzed properties and concentrations. Aplication of
cluster analysis resulted shown clusters on dendrogram with similar values and dhangts
samples. The analysis of major components revealed 11 significant relationships and similarities
between properties and concentrations. Cumulatively, they cause 95.76% variability within the
analyzed data set and because of that, groundwaterlesarimp OsijekBaranja County differ
significantly among them.

Keywords: water quality, descriptive statistics, chemometric analysis, wellfield, CBge&nja
County
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VODA, HRANA | ENERGIJA +./-8y =% 2'54,9, 5%$=92-
UDK: 628.1 : 574.5
,ZUHQD .LAPMHWIO® %RIXW &HOMNR 3RSRYLU

6YHXpLOLA&WH -RVLSD -XUMD 6WURVVPD\HUD X 2VLMHNX )DNX
Odsjek za prirodne znanosBara Hadrijana 10, 31000 OsijeKrvatska
pregledni rad
SDaAHWDN

-HGDQ RG FLOMHYD RGRADYDI WHYRMD MHIRGLQH?® 7R ]QDpL GD
UMHAHQMH ]D PLOLMDUGH OMXGL NRML MR& XYLMHN QHPDMX SU
zdravu vodu, a time za zdravlje i sigurnu hranu. Porastom broja stanovnika na Zemdjgjayskim

UDVWRP L SURPMHQRP QDpLQD SUHKUDQH SRYHUDYD VH SRWUD
SRGUXpMD SRYHUDYD VH SROMRSULYUHGQD L LQGXVWULMVND
IDMYHUL SRWUR&aDp VYMHWVNIYKHGEGQNQRMDHVYBEE¥D MV BRW MRS
SRWUHEQH ]D SUHKUDQX VWDQRYQLAWYD 8 VXYUHPHQRM SROM
NDNR EL SURL]JYHOL JGUDYVWYHQR LVSUDYQX KUDQX L VDpXYD
YDaHURM |ERHuRRIV pt&Revkvalitetu i zdravstvenu ispravnost vode s jedne strane te se
XVUHGRWRpPpXMX QD XSUDYOMDQMH YRGQLP UHVXUVLPD L ]DAWLYV
YRGHULK VYMHWVNLK QHYODGLQLK L QHSWrki Wiy Eoukdatoel) DQL]DFLN
]IDKWMHYL OMXGL ]D UHVXUVLPD LPDMX XWMHFDM QD JGUDYOMH
VSRVREQRVW RVLIJXUDYDQMD LVWLK +UDQD YRGD L HQHUJHWYV
]1QDpDMQL 1D RS\DN®PM @ RU/MG X NIRIVENWL SULND]DQH PMHUH NRMH
SUHKUDPEHQRP ODQFX NRMH SRVUHGQR XWMHpX QD ELRUD]JQROL

.OMXpQH ®UMHYWYHQR LVSUDYQD YRGD VLJXUQD KUDQD RGUAL
Voda +QDMNULWLMOIIOMREAH QLML SULURGQL UHVXUV

2SuH MH SR]QDWR GD MH pLVWD L QH]DJDYyHQD YRGD RVQR®
planete Zemlje. Najzastupljeniji je biogeni konstituent, neophodna je za odvijanje fizikalno
kemijskih, biokemijskih procesa u bljND L AaLYRWLQMD ]D PHWDEROL]DP L
PHWDEROL]PX VOXaL NDR RWDSDOR YHULQH DQRUJDQVNLK
prijenos hranjivih tvari i plinova do svih stanica organizma (Milak, 2015). Osim toga, bez vode

MH QHP®aWanle poljoprivredne, industrijske proizvodnje te proizvodnja energije.
1XaQD MH ]DHNRGRPYWHNQRUD]YRM GREURELW L SURGXNWL
HNRVXVWDY L VUa Hipt/\R@vidateRodg/wadgaB)M/Ddom je pokriveno

6 =HPOMLQH SRYUALQH RFHDQLPD PRULPD ULMHNDPD L
PRUVND YRGD VX OHGHQMDFL D MH SLWND YRG!

Podzemne vode osiguravaju liX YRGX ]D VYMHWVNH SRSXODFLMH L

“ikismartin@hotmail.com
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NRMD VH NRULVWL |D QDYRGQMDYDQMH )UDQHN L VXU
te se nalazi na 5. mjestu u Europi i na 42. mjestu u svijetu po obnovljivim zalihama vode
(http://svijetkvalitete.com/index.php/najave/1939jetskidanvoda2014.
8 SRVOMHGQMLK QHNROLNR GHVHWOMHUD YRGD MH S
prirodnih UHVXUVD J]ERJ NHPLMVNLK L ELROR&GNLK RQHpLAU
2QGUDA&a&HN L VXU 'DQDV X VYLMHWX YLaAH RG PLC
SRGUXpMLPD JGMH OMXGL LPDMX RJUDQL ptwe iSpcalind)W X S
YRGL L VDQLWDUQLP XYMHWLPD SUHYDOHQFLMD GLMDL
smrtnosti djece, pothranjenosti i gubitka produktivnostitp(// wwwunwater.org/water
facts/wateffood-andenergqy/ 3UHPD L]JYMHaAWDMX 8MHGLQMHQLK Q
2018., svijet nije na putu ispunjenja cilja Ujedinjenih narodia: 2030. svima osigurati
zdravstveno ispravnu vodu i sanitarne uvjete. Pretpostaglidasdo 2050. godine polovica
VYMHWVNH SRSXODFLMH PRAaGD YL&H QHUH LPD
(https://www.sciencenews.org/article/futiwdl -peoplehaveenoughwaterlive).
%URM VWDQRYQLND QD =HPOML QHSUHVWDQR UDVWH \
ALYMHWL RNR PLOLMDUGL OMXGL RG pHJD udimaD N
SRUDVWRP VWDQRYQLaAWYD XUEDQL]DFLMRP L LQGXV
slatkovodnim resursima, za porastom poljoprivredne i prehrambene proizvodnje, hranom i
HQHUJLMRP V MHGQH VWUDQH WH GRO RIijugeGtRan8 XD 0 D Q
SURFMHQMXMH VH GD UH GR JRGLQH SRWUHEF
D SRWUHEH ]D HQHUJLMRP UH VH JRWRYR XGYRV
upravijanje resursima za vodu, hranu i energiju (Slika 1) ikaozbijanje trendova Koji
XJURADYDMX VLIXUQRVW YRGH KUDQH HQHUJLMH L HN
SURPMHQH X MHGQRP VXVWDYX PRJX UH]JXOWLUDWL ]QL
posljedicamalttp:/futureearth.org/futurearthwaterenergyfood-nexus)

Slikal. OHyXRYLVQRVW YRGH KUDQH L HQHUJLMH SULODJI
Zdravstveno ispravna hranactARG SROMD GR VWROD’
Figure 1. Interdependence of water, food and energy (adapted according to Al Zubari, 2013)
Healthy food - "from the field to the table"
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SRWHQFLMDOQL L]YRUL RQHpLaAUHQMD YRGH X UDWDUVNRN

&LOM VXYUHPHQLK SURL]YRYDpD KU D drhvétvenoSdpRINEY HVW L
KUDQH ]D VYH EURMQLMH VWDQRYQLAWYR L SUL WRPH VL
VODWNRYRGQLK UHVXUVD L MHGDQ RG QDMYHULK RQHpLA
smanjenja bioraznolikosti u prirodi upravo je poljoprivied SULPDUQD pRYMHNRYD
SRWUHEQD ]D RSVWDQDN OLODN /ILVMDN 3ROM
XNXSQH HQHUJLMH SRWUHEQH 1D SURL]JYRGQMX
(http://www.unwater.org/watefacts/wateifood-andenergy). Posljednjih stotinjak godina
SULVXWDQ MH WUHQG VPDQMHQMD REUDGLYLK SRYU&LQC
broja stanovnika na Zemlji, industrijalizacije, izgradnje gradova i cestao Kalkode
aAaXEDULUO L VXU AGR VUHGLQH VW QD UDVSROL
REUDGLYRJ SR VWDQRYQLNX JRGLQH KD D
SUHKUDQX VYH EURMQLMHJ VWDQRYQLaAWYD @HRSKRGQR
SURL]JYRGQML WH QD SRVWRMHULP REUDGLYLP SRYUALQDP
SULPDUQL SURL]YRYDpL KUDQH PRUDMX RVLJXUDWL SUR
X]LPDMXiL X RE]JLU VYH SRVWXSNH SUHUDGH hMRMLPD
podvrgnuti. Osim eventualne kontaminacije proizvoda, intenziviranje poljoprivredne
SURL]YRGQMH PRA&H X]JURNRYDWL RQHpPpLAUHQMD YRGD L
SRYHUDQH XSRWUHEH PLQHUDOQLK JQRMLYD L SHVWLFI
organVNRJ JQRMLYD JQRMRYNH L VWDMQMDND 6WRJD SUR
]D SUHYHQFLMX L QDG]JRU NRQWDPLQDFLMH GR NRMH PR3
ELOMD YRGH YHWHULQDUVNLK OLMHNRYD QHSIKDYLOQLF
SRYHUDQD XSRWUHED PLQHUDOQLK JQRMLYD X ELOMNDP
JHOHQRM VDODWL FYMHWDpPpL LPD ]D Sékv @D ldrigvnBX YLVRN
XQRVD QLWUDWD X RUJDQL]DP pRYMHND SRVBRIBHIHRXZUDY
UHGXNFLML X QLWULWH WLMHNRP WHUPLpNH REUDGH LOL
QDVWDMDQMX QLWUR]DPLQD pLML VX PHWDEROLWL NDUF|
8SRWUHERP PLQHUDOQLK JQRMLYD SRYddabioYritraH NROLDI
IRVIDWD L X SRYUALQVNLP YRGDPD a4WR PRaH XJURNRYDW
KUDQMLYLP WYDULPD VSRMHYLPD GXaLND L LOL IRVIRUD
REOLND ELOMQLK YUVWD WH GRMRGIRWRAGHRHOMHQRP DS
SURPMHQH VWDQMD YRGD?®* 1DURGQH QRYLQH OLC
PLQHUDOQD JQRMLYD SRGORAQD VX LVSLUDQMX X SRYU
VORMHYH WOD WH X SRGIJHPQH YR GMHM RIAIMN OBINRRR QX [BLY S &I
SRWUHEH SROMRSULYUHGQLK NXOWXUD ]D GXaLNRP L NDI
SRG]JHPQH YRGH SROMRSULYUHGQL SURL]JYRYDpL X +UYDW
SROMRSULYUHGQRM SUD N VatodiXe hoRng] 862608 MPtenleQiRavhL YD 1
LIYRUX SURL]JYRYDpL X]JRUNXMX WOR WH QD WHPHOMX GRI
XWYUyXMX SRWUHEQH NROLPpLQH JQRMLYD 3R SURYHGHQ
WLSX NROLPLQL JQRMRGD WH YRIGIRHQM L2VYHRVIQRMLYD
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SULQRVD L NYDOLWHWH SROMRSULYUHGQLK SURL]YH
SHVWLFLGH 3RPRUX QMLK NRQWUROLUDMX QHAHOMH:(
nematicidi), suzbijaju korove (hetbFLGL L EROHVWL IXQJLFLGL NRM
Ostaci pesticida se nakupljaju gotovo neizmijenjeni u tlu i billkama, a preko njih i u
RVWDOLP NDULNDPD X KUDQLGEHQRP ODQFX LPDMX ¢
potencijalna opashost za GdD YOMH OMXGL .ODSHF IDMYHU
SHVWLFLGL NRML VH QH UDJJUDYyXMX EU]JR X RNROL&X
pHIJD MH QMLKRYD ELRORAND NRQFHQWUDFLMD L WUD
isparavanjem iQRaHQMHP JUDpPpQLP SXWHP GDOHNR RG PMHV\
]JUDpQL SXW X JHPOML LOL YRGDPD =DGUADYDQMH QH
WOD NROLpLQL YODJH WHPSHUDWXUL S+ SULVXWC(
poljopivUHG QLK SRYU&ALQD SHVWLFLGL GRVSLMHYDMX X S
RNROLa&AX d8LUH XJODYQRP YRGHQLP SXWHP .ODSHF
GREURP SROMRSULYUHGQRP SUDNVRP WLMHNRP SURL
ina KUDQL ELOMQRJ L ALYRWLQMVNRJ SRGULMHWOD 1
SURL]YRGD V PDNVLPDOQLP UD]JLQDPD RVWDWDND SHV
odnosno prema Zakonu o provedbi Uredbe (EZ) BR. 396/2005 o maksimalnim razinama
ostaWDND SHVWLFLGD X L QD KUDQL L KUDQL ]D ALYRWLC
QRYLQH D LVWRYUHPHQR ]DAWLWH YRGH L R
]DNRQVNRP UHIJXODWLYRP SURL]JYRYDpL NR UtiviOMH V O X
QD WHPHOMX XWYUYyHQLK VLPSWRPD EROHVWL LQWHQ
SURYHGHQLP DNWLYQRVWLPD |DAWLWH SROMRSULYUH:(
VDGUADYDMX SRGDWNH R YUVWL XVWMuHpriDjen§ RKDWIRS UL
WYDULPD NROLPLQL VUHGVWYD L GR]JL UD]JGREOMX N
zbog kojih se primerk MX VUHGVWYD WM YU&L ]DAWLWD
SRWHQFLMDOQL X]JURPQLN RQHpPpLAUHQMD YRGD X SROI
XSuUbYyoMmbQMH QMLPH L QMHJRYR VNODGLAWHQMH 1H
NYDOLWHWX WOD L QD SURPMHQX NYDOLWHWH SRYU
QDMEUAH XOD]H X aLYD ELUD KUDQLGEHQH DmMQEW 5
QHVWDQND LOL SRYHUDQMD SRSXODFLMD SRMHGLQLK
EULIJX R XSUDYOMDQMX RWSDGRP R]QDpDYDMX L UD]Y
spremnike te NEULQMDYDMX QD SURSLVDQ QDpLQ

Navodnjavanje +siguUQRVW KUDQH YV XawHGD YRGH L HQHUJL

.OLPDWVNH SURPMHQH L pHVWL HNVWUHPQR VXKL X\
GRYROMQLK NROLpPLQD RERULQD QD SROMRSULYUHGQL
GRVWDWQH NROLPLQH Y RiGUhogID ¥&OBGEM DOiDadijeHhRne ® G L
UDGL XdWHGH YRGH L HQHUJLMH 3UHPD =DNRQX R
]JDKYDUDQMD SRG]JHPQLK L SRYUZLQVNLK YRGD L
SROMRSULYUHGQRJ ]JHPOMLAWD |]H8RMWAWNDR WBURGC
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'DQDV VH QD REUDGLYLK QDYRGQMDYDQLK SR
VYMHWVNH KUDQH 'DPLa ,DNR VX X SRVOMHGQMHI
pomaci u gospodarenju vodama u agroekosustavima, u Hrvatskayednjava teR,5 %
REUDGLYLK SRyYuaLQD WH MR& SRVWRML J]QDWDQ SRWHC
UHVXUVD |]D XQDSUMHYHQMH L SRYHUDQMH SURL]JYRGQMH
IDMYHUD NROLPLQD YRGD VH HNVWUDKLUD L] $RYU&ALQV
QDYRGQMDYDQLK SRyYuaLQD D L] SRG]JHPQLK YRGD GF
]D QDYRGQMDYDQMH pLQH SURpPpLEAUHQD RWSDGQD YRGD |1
VXYUHPHQRM SROMRSULYUHGQRM SURL]YRGQMLn¥H NRULV
koji na temelju informacija sa senzora signaliziraju kada i koliko navodnjavati kako bi se
RGUHYHQRM SROMRSULYUHGQRM NXOWXUL RVLJXUDOD R
SROMRSULYUHGQH SDUFHOH 'DPLA A3RWWOBIEAQMD R
GYRVWUXNX NRULVW PDNVLPL]DFLMX ELROR&GNRJ SRW}
PLQLPL]DFLMX XWURAaAHQH YRGH:® 'DPLA 8 ]JHPOMDP
SURVMHpPQR L]J]QRVH W KD DOL SULQRVL V QDYRGQMD
HvDWVNRM VH GDQDV XJODYQRP QDYRGQMDYD SRYUUuUH
GRKRGRYQD UDWDUVND NXOWXUEB guthL Zdp raRoXInjsiidnj& &L QR V L
koristi bunarska voda ili voda iz prirodnih vodotokova, koja po kvaliteti mora odgovarati
vodi zD SLUH WH SURL]JYRYDpL SURYRGH DQDOL]H LVWH NI
SRMHGLQH NXOWXUH RGQRVQR KUDQH A3REROMADQMD X
YRGDPD VX NOMXpQD NDNR EL VH RVLIJXUDOD GRVWXSQRYV
]D NRQNXUHQWQH SRWUHEH OMXGL L RNROL&aD:?® )$2

Otpadne vode

,QGXVWULMDOL]DFLMRP L SRUDVWRP EURMD VWDQRYQLNTEL

YRGH D WLPH L GR SRYHUDQMD NROLPLQD RWSDGQLK YRC

ili mUD -HGDQ RG QDMYHULK SRWUR&DpPpD L RQHpLAOGLY]

SUHKUDPEHQD LQGXVWULMD NRMD QDMYLaH LVSXawb

NDQDOL]DFLMVNX PUHA&X 3UHPD =DNRQX R YRGDPD 1DUR

otpadne vode su svepadne vode, osim sanitarnih otpadnih voda i oborinskih voda, koje

VH LVSXawDMX L] SURVWRUD NRULaAWHQLK ]D REDYOMDQM

L NROLpLQD LQGXVWULMVNH RWSDGQH YRGH RYLVL R Y

razlikujemo dvije vrste industrijskih otpadnih voda:

¥ ELROR&ANL UD]JJUDGLYH L] SUHKUDPEHQH LQGXVWU
NXUDQVNLP RWSDGQLP YRGDPD L

¥ ELROR&ANL QHUD]JUDGLYH L] PHWDOQH LQGXVWULMH
PLMHADWL VBWSDOQVRLYRGDPD .0ODVAQLU

2VLP LQGXVWULMVNLK RWSDGQLK YRGD ]JQDpDMQH VX 1T
LOQGXVWULMVNLK L VDQLWDUQLK RWSDGQLK YRGD WH VI
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GRPDULQVWDYD L UHVWRUDQD i, Mdust@MD Qpadhin vBddO M R
GROD]L GR RQHpLaAUHQMD YRGH PLNURRUJDQL]PLPD L (
NYDOLWHWH YRGH RJUDQLpDYDQMD QDPMHQVNH XSI
HNRVXVWDYD SD pDN PRJX GRYHVWIH+HKUBHWDQMH. QDY

OLODN I1DMYHUL SRWUR&DpPpL YRGD L VWYDUL
SRWHQFLMDOQL RQHpLAULYDpL RNROLAD VX SRJRQL ]
PHVRSUHUDYLYDpPpNH LQGXVWU L MNpéfadi). N ®REpRfci Ardatsid)N R E L
SURpLaUDYD VH VDPR RWSDGQLK YRGD D QD |]DGRY]
.ODVQLU 9RGH LPDMX VSRVREQRVW VDPRSURDpLE
QDMYDAQLMD SULVXWQRVW \diValiNEke Livad LphdutRpRsticida @ L 1 D
WHAGNLK PHWDOD X RWSDGQLP YRGDPD RQHPRJIXUXMX V
UDIDUDMX PLNURELRORANH DNWLYQRVWL X YRGL &aRAaV
L SRGIJHPQH YRGH NRMBLVX MRRPHVRGHPLMORQMD L
NDNYRUH YRGH SRWUHEDQ MH QDG]RU QDG VWDQMHP
LQVWDOLUDQMH XUHyYyDMD |]D SURpLAUDYDQMH RWSDGQ
YRGH YHU MH GHVHWDRHIWRDMAX&QRMWORYLWL VXV\
ERIDWVWYRP SUHGXYMHW QMHJRYRJ RGUADQMD .0ODV(

3RWHQFLMDOQL L]YRUL RQHpLAUHQMD YRGH X VWRpDU"

6XYUHPHQD SROMRSULYUHGQD SURL]YRGQMD LQ®¥WHJUL
RSWLPL]JLUD SORGQRVW WOD SULPMHQRP VWDMVNRJ
PLNURELRORANX DNWLYQRVW X WOX VDGUabDM KXP
SURL]JYRGQMD JGUDYVWYHQR LVSUDYQH KUDQH 8 SUR
potrHEH VWRpPpDUVNH SURL]YRGQMH WM |]D SURL]JYRGQM.
WH ]D WHKQROR&GNH YRGRGMURGBL XWEK SRNR SRWURaQMHI
GMHODWQRVWL %XGXiuL GD MH DQLPDOQD SURLYYRGQ
SURL]JYRGQMD NJ PHVD SURVMHpPQR JDKWMHYD RNR |
VH NRULVWH X SROMRSULYUHG4H) jeJ RWRaNKR s Mikira®dn W U
SURL]JYRGQMRP RG pHJID V i) Rddiddl Yd praizv@dnfR Kihihayhbilja,

VLODAQRJ L YLVRNRYODAQRJ NXNXUX]D OXFHUQH L GU
ALYRWLQMDPD QDMYL&H QD JRYHGDUVNLP L VYLQMRJ
SRWUHEQD ]D RGUADYDQMH KLJLMHQH ]DSRVO&HQLNEL
GH]JEDULMHUD WH SUHUDGX DQLPDOQLK SURL]JYRGD X
SRIJRQLPD NODRQLFDPD 2QGUDAHN L VXU 6DO
SRVWRMHUL WUHQG SRYHUDQMD SURL]JYRGQMH 8RWRYI
]D NRMH VH SUHGYLYD XGYRVWUXpHQMH SURL]J]YRGQMH
SULWLVDN QD UHJHUYH VODWNH YRGH X VYLMHWX ]ER
(Salajpal i sur., 2018). Pranje opreme i objekata na farmama provodi s® pr&m/ Y Uy H Q |
SODQRYLPD SHULRGLPpQR WLMHNRP SURL]JYRGQRJ SUR
VSUMHpDYDQMD NRQWDPLQDFLMH KUDQH ]D ALYRWLQM
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SD MH LIPMHQD 4AaLYRWLQMD pHVWD MHCH I$R YWHHI BRIV U RNER
RWSDGQH YRGH 3RWUR&QMD YRGH WDNRYHU RYLVL L R
ALYRWLQMH QD UHAHWNDVWRP SRGX SD VH L]JJQRMDYDQM
SRWUR3EQMD YRGH ]JERJ YHULK SR \tajiHRrDkddsvRjGgdjske Y D Q M H
SURL]JYRGQMH ,QWHQ]JLYLUDQMHP VWRpPDUVNH SURL]YRG
WHKQRORANRJ SURFHVD SURL]YRGQMH PRJX ]QDpDMQR X
VOXpDMX LVSXaWDQMD X NDQ D kgdtivnb diglovaR e YaRI&KAQ H SRY |
LIYRU RQHpLAUHQMD SRYU&GLQVNLK L SRG]JHPQLK YRGD Ql
VSUMHpDYDQMD RQHpLAUHQMD YRGH VXYUHPHQL SULPDUC(
]D SUHUDGX YRGH NRMH UHGRWRWW REMA&KYDRIVXY WDy XM XQMN
SURYHGHQLP SUHPD XWYUyHQLP SODQRYLPD 2VLP WRJD
QD QDpLQ GD QH XWMHpPpX QD RSUHPX L GD QHPDMX aWHW(
SRWHQFLMDOQL L]YRU LrirkRathe] jploavodn)) MpberatdRhGabe &vralnBg

podrijetla su antibiotici i hormonski pripravci (prirodni i sintetski estrogeni, androgeni,
SURJHVWDJHQL NRML VH VWRFL GDMX UDGL EUAHJ UDVWD
SRYHUDQH SURMNRD Q®MH WMOMD WH VSUMHpPpDYDQMD L OLM
$QWLELRWLFL VH L]JOXpXMX L] RUJDQL]PD WH NDR UH]JLGXFE
ULMHNH L MH]JHUD RGQRVQR X RNROL& SD SULPDUQL sl
primjenomi upotrebljavaju odobrene veterinarskwdicinske proizvode i dodatke hrani

]D ALYRWLQMH YRGH HYLGHQFLMX R QMLKRYRM SULPMHQI
SULVXWQRVW X KUDQL L YRGL WH X VOXpDMX SULVXWQF
mjere.

Dobra higijenska praksa- preduvjet u proizvodniji sigurne hrane
8 ODQFX KUDQH SULOLNRP SUHUDGH QDPLUQLFD ELOMQF

SURL]YRYDpD KUDQH MH SURL]JYHVWL ]JGUDYVWYHQR LVSI
pojavnost EROHVWL X]JURNRYDQLK WURYDQMLPD KUDQRP SF

JRVSRGDUVNL QDSUHGDN O0DQGLUO L VXU SRMDP A
svakodnevici, a podrazumijeva prikladnost hrane za prehranu ljudi u skladu s njezinom
QDPMHQRPL -XOUWpPLU 6 REJLURP QD WX GHILQLFLMX V

proizvesti uz osiguranje dobre higijenske prakse (DHP) i sanitacijskin standardnih

RSHUDWLYQLK SRVWXSDND 6623 X SURL]JYRGQRP SRJRQX
standardnih operatiyim postupaka (SOP), tj. nadzor proizvodnog procesa te pravodobne

UHDNFLMH SUL SRMDYL RGUHYHQLK SUREOHPD 'REUD KLJI
RNROLaD SUL SULPDUQRM SURL]JYRGQML RGQRVQR UD]PDV
RNROLADMHRIVNX SURL]JYRGQMX KUDQH VDQLWDFLMX SLU
RGUaADYDQMH XUHYDMD L RSUHPH WH RVREQX KLJLMHQD
SUHKUDPEHQLK WYDUL SRPRUX JUDND WOD YRGH L GU 3|
subjekt uposRYDQMX V KUDQRP DNWLYQRVWL SRSXW SUDQMD L
LIUDYyHQLP SODQRYLPD X NRMLPD SURSLVXMH WNR &WR
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aktivnostima vodi evidencije. Tijekom proizvodnje hrane, od primarne proizvodnje do
konzumacije, nd XD MH NRQWDPLQDFLMD SXWHP YRGH D SR
SURL]YRG LOL VH NRULVWL ]D SUDQMH PpLAUHQMH
PLNURRUJDQL]DPD SDWRJHQD L] OMXGVNLK L ALYRWL
zemlje, organskihRQHpLAUXMXULK WYDUL L HQGRNULQLK GLV
ODQDF 6WRJD VH SURL]JYRYyDpL WLMHNRP SURL]YR
PHYXQDURGQLP VWDQGDUGRP &RGH[ $OLPHQWDULXV L
Alimentarius X A S LW N D ba Rits Bukl&dhaHspecifikacijama u zadnjem izdanju
6PMHUQLFD ]D SLWNX YRGX :+2 *XLGHOLQHV IRU 'U
VWDQGDUGD?3 -188P&RBWK&003). U rukovanju hranom i proizvodnji hrane
treba koristiti samo pitku vodu, osim za proRGQM X SDUH JD&HQMH SRA&D!
VOLPpQH VYUKH JGMH QHUH RQHpPLVWLWL KUDQX 7UHEL
smije imati spoj sa sustavom pitke vode, niti dozvoliti povrat vode u njega. Osim toga,
reciklirana voda za ponovnu updtHEX OHG L SDUD WUHEDMX ELWL V
GD QMLKRYD XSRWUHED QH XJURADVYIR69Y REKLZ@MRV W K
Ukoliko se proizvodni objekt opskrbljuje vodom iz privatnih izvora, npr. iz bunara, jezera,
spremnika oborinskih voda SURL]YRyDp MH REDYH]DQ NRULVWL
SULNODGQLK PDWHULMDOD UHGRYLWR SURYRGLWL
dezinfekciju vode, odnosno uspostaviti sustav samokontrole opskrbe vodom temeljen na
QDpHOLPD-a+&&p&djak, D14). Posljednjih godina u Republici Hrvatskoj
napravljeni su i usvojeni brojni zakonski propisi, prije svega Zakon o hrani (Narodne
QRYLQH X FLOMX XVNODYLYDQMD V RQLPD NRMI
D pLMLP EL VH SUR ¥siratiQokbiavednid ZdidvEh@no ispravne i sigurne
KUDQH 6XEMHNWL X SRVORYDQMX KUDQRP SUHPD YL
SURL]YRGH L SUDWH PLN-keRskR kvRiteNiXvode ha ]prisiinos) R
]JDEUDQMHQLK L QHSRARDODM QUK RYMWDIUJGNRW OMH OMXG
SRMDYQRVWL QHSRAHOMQLK LOL |DEUDQMHQLK WYDUL

Voda i energija

SRUDVWRP EURMD VWDQRYQLND QD =HPOML X] SRYHUL
poWUR&AQMD HQHUJLMH RVRELWR X GUaADYDPD X UD]YR!
PLOLMDUGL OMXGL MRa XYLMHN QHPD SULVWXS HOHN
VH RpLWXMH NUR] SRWUHEX JRWRYR VYLK REQLND

proizvodnog procesa i energijom potrebnom za prikupljanje, obradu i isporuku vode.

SUHPD )UDQHN L VXU LVSXaWDQMH VODWNRYRGQ
XNXSQH VYMHWVNH SRWUR&aQMH ::$3 % dov2@35V3iiaR p HN
UH PDNVLPL]LUDQMH XpLQNRYLWRVWL NRUL&AWHQMD Y
postizanjuRGUAaLYH EXGXUH YRGH 6OLND

3UHPGD GDQDVY MR& XYLMHN SUHYODGDYD XSRWUHED ¢
izvora (snaga vode, biomasaidMH QHRJUDQLpPpHQR L X NRQFHSWX R
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UMHAHQMD MH ]QDpDMQR SRYHUDQMH QMLKRYD NRULA&AWH
HQHUJLMH X KLGURHOHNWUDQDPD XWURVWWUWdisKiQD WH Vi
hidroenergetskog potelaia (Herceg, 2013). Dobro je poznato da bioplin ima mnoge
SUHGQRVWL SULMH VYHJD HNRQRPLPpQRVW L SR]JLWLYDQ .
izvorima energije poput fosilnih goriva. Proizvodi se u specijaliziranim postrojenjima kroz

S URFHYV eBb&@bha Mzgradnje, koju mogu uzrokovati psihrotropne, mezofilne ili
WHUPRILOQH UHDNFLMH =D UHDNFLMH VH PRJX NRULVWL)
energetskih usjeva (kukuruz, sudanska trava) ili biorazgradivog otpada (prehrambeni

otpad, otpad iz prehrambene industrije). Prema Hoogeveen i sur. (2009) proizvodnja
WHNXUHJ ELRJRULYD WDNRYHU V-WdlatkéihaTd) priziodidIN QD Y R

MHGQH OLWUH WHNXUHJ ELRJRULYD MH RWSUL&@IMWNH NROL
osobu za jedan dan.

Slika 2. Sigurnost hrane, dostupnost vode i sigurnost ener§ijed LODJRYHQR SUHPD 6PDMJO L
Figure 2. Food safety, water availability and energy safety (adapted according to Smajgl et al.,
2016)

Zdravofunkcioniranje ekosustava za zdravu vodu

(NRVXVWDYL &4XPH PRpYDUH L WUDYQMDFL NOMXpQL VX
prirodi. Sva slatkavoda ovisi o kontinuiranom zdravom funkcioniranju ekosustava, a

prepoznavanje vodnog ciklusa kao probesNOMXpQR MH ]D SRVWL]DQMH RG
YRGDPD (NRVXVWDYL XEODADYDMX SRVOMHGIkEH) SRSODY
SULGRQRVH SURpLAUDYDQMX RWSDGQLK YRGD 3URFHV SU
HNRVXVWDYLPD RPRIJXUXMH RSVNUEOMLYDQMH YRGRP NI
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UHNUHDFLMX L VWDQL&WH EURMQLP ELOMQLIP XJ&DWRIWYQ
X RWSDGQH YRGH XNOMXpXMXiL KUDQMLYH WYDUL L |
HNRVXVWDYD X RGJRYDUDMXuLP RNROQRVWLPD SRER
SUHGQRVWLPD ]D JRVSRGDUVWYR L G 4d¥e&\paradigieHid HO L
pHPX VH HNRVXVWDYL SUHSR]QDMX NDR VDVWDYQL GlI
NRML VH SRGX]LPDMX ]D EROMH LQWHJULUDQR XSUDY
razvoj (ttp://www.unwater.org/watefacts/ecosystems

Slka3. ABVOXJH” HNRVXVWDYD SULODJRYHQR SUH
https://www.who.int/globalchange/ecosystems/en/

Figure 3. Ecosystem "services" (adapted adapted according to
https://www.who.int/globalchange/ecosystems/en/

=DNOMXpDN R NOMXpX RGUALYRJ UD]YRMD

Kontinuiranim porastom broja stanovnika na Zemlji, anizacijom i industrijalizacijom

QHSUHVWDQR VH SRYHUDYDMX SRWUHEH ]D YRGRP KU
RSVWDQND OMXGL 6 FLOMHP RVLIXUDQMD RVQRYQLK
SUHKUDPEHQH SURL]JYRGQMH MKN>XQUJHRPGMHAB QR QROAMSG
QHSURpLAUDYD RWSDGQH YRGH ]JDIJDYyXMH YRGRWR
QHXPMHUHQR WURAL L RQHpLAUXMH YRGH pLPH XJURNX
NRQDpPQLFL XJURADYD ELRUD]QROLORYWX LK BB QW DARXGN
VWROD?® VXYUHPHQL SURL]JYRYDpL KUDQH QDVWRMH S
UHVXUVH ]D EXGXUQRVW SRGX]LPDMXuUL SUHYHQWLYQ
vode i hrane mikroorganizmima, kemijskim i fizikalnim agenEBmWH SUDWHUL ]I
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UHJXODWLYX UDGL RVLIXUDQMD SURL]JYRGQMH ]GUDY'
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WATER, FOOD AND ENERGY *KEY FOR SUSTAINABLE
DEVELOPMENT

UDC: 628.1:574.5
,UHQD .LARDH@WQD %YRJIJXW &4HOMNR 3RSRYLU

Josip Juraj Strossmayer University of Osijdkaculty of Education,Department of Natural
SciencesCara Hadrijanal0, 31000 Osijek, Croatia
review paper
Summary

One of the aims of sustainable development is "Water for all up to 2030". This means that it is
necessary to find a solution for billions of people, who still do not have access to drinking water to
ensurehealthy water, and therefore health and safe food. With the increase of world population,
economic growth and the change in diet, water demand is being increased, agricultural areas are
being expanded, industrial production is being increased, and thasnthent of wastewater. The
largest consumer of the world's aquatic resources is the farming sector / industry, which consumes a
quarter of the total energy needed precisely for the production of food. In modern agricultural and
industrial food productionin order to produce healttelated food and preserve the environment,
manufacturers continuously, following the current legislation, monitor the quality and health of the
water on the one hand, and management of the water resources and ecosystem protéution

other hand. According to the World Wild Foundation, the demands of people for resources have an
LPSDFW RQ HFRV\WVWHPVY KHDOWK DQG SUHFLVHO\ WKH KHDO
provide them. Food, water and energy security are cldisélyd, interdependent and significant for

the existence of ecosystems. In this paper, the measures implemented in-tbedaghiain, such as

the precise irrigation and reuse of water, that indirectly affect biodiversity and are key to sustainable
devebpment, will be shown.

Keywords:drinking water, safe food, sustainable development
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7UJRYDPNR GUXAWYR +atsGovaRd j© J99BoRinEkad Witkd bl piivatnom
YODVQLAWYX L UHJLVWULUDQR X 7UJRYDPNRP VXGX
SURMHNWLUDQMD QDG]RUD NRQ]DOWLQJD L LQAHQMH

Tvrtka je specijalizirana za izradu projelin GRNXPHQWDFLMH L NRQ]D(
NRPXQDOQH KLGURWHKQLNH L KLGURWHKQLPpNLK REMH
YRGRRSVNUEH L REUDGH YRGH ]D SLUH RGYRGQMH L
navodnjavanje, regulacije vodotoka i (MoHNWH JDaAaWLWH RG aWHWOQI
SURMHNWLUDQMH OXND X ULMHpQRP SURPHWX WH Q
objekata.

ALURNL VSHNWDU GMHODWQRVWL REXKYDUD LJUDGX
financiraju iz EU fondova, kao VW XGLMH XWMHFDMD QD RNROLa L
SRGUXpMD KLGURWHKQLNH L JEULQMDYDQMD RWSDGD

Hidroing d.o.o.

7DGLMH 6PLpLNODVD

31000 Osijek

OIB: 08428329477

8SUDYD =GHQNR 7DGLU 9MHNRVODY $ELDpLU
Tel: +385 31 251 100

Fax: +385 31 251 106

Email: hidroing@hidroingos.hr
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*(2%58** $* SUHGVWDYQI
$YHQLMD 9HUHVODYD +ROMHYFD

10000 Zagreb
vjekoslav.budimir@geobrugg.com
tel: +385 91665 9845

Geobrugg+1RVLYH PUHAH RG YLVRNRYULMHGQRJ pHOLND S

*HREUXJJ MH QHRYLVQD NRRUSRUDFLMD X VNORSX %UXJJ
AYLFDUVNRM 6 YL&H RG VWUXPpQMDND SparRiefith R GQLP SF
L SUHGVWDYQLaAWYLPD X YLaH RG JHPDOMD *HREUXJJ |
Klijentu te ponuditi niz usluga, savjetovanja, projektiranja, testiranja i ugradnju
RGJRYDUDMXiUHJ VXVWDYD |DaWLWH

Sigurnost nam je u prirodi 9RYHQL R26fdm, IReBRuUgg razvija i proizvodi
VXVWDYH ]JDAWLWH RG pHOLpPQLK ALpDQLK PUHAD NRULVWFE
RG SULURGQLK QHSRJRGD NDR aWR VX RGURQmMaVWLMHQD
VQMHBEER® 6 YLAH RG LVNXGMWMD *HREUXJJ MH JOREDOQL OL
OMXGL L LPRYLQH RG SULUR GQILKbdpd E&nERaG mandéDIR aWR V
EXMLPpQLP WWRNRHA® D6YRMD UMHAHQMD UD]JYLMDPR L XVDY
VYHXpLOLA&WL P Diljldm svjetaVWID/RX 8N NiY of Bern University of

Stuttgart Technical University of MunichUniverstyof Clausta) University of Dornbirni

RWTH AachenUniversity.

8 FLOMX RBAWOWMNLK NOLJLAWD L QD QERobiigde BXMLPQLP W
SRV HE Q D ktjdbsigita@M0Ob L Q N R RIGWE L Y X QDAWGWMR IRGGR JID YD M D
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HIDROGRADNJA d.o.o. MH WUJRYDpPpNR
GUX&WYR RVQRYDQR X 2VLMHNX
godine. Tijekom, preko 25 godina
kontinuiranog poslovanja, danas smo
SRWSXQR WHKQLpPpNL RSUHPOMHQL
osposobljeni za profilirani opseg poslovanja
X SR G Wikijptehxike i
niskogradnje. Kao rezultatnad H J
GRVDGDadamMHJ

razvoja, HHIDROGRADNUJA je danas pouzdan i kvalitetan poslovni partner, koji ostvaruje vrhunske rezultate u

SRJOHGX NYDOLWHWH VWUXpQRVWL L XpLOQNRYLWRVWL X L]JYRYyHQMX UDGR

1DAL ]DSRVOHQLFL LPDWRN % RWWUWHERRVW L ]1QDpDMQ Rsvu\phitdebhwploknu WH SR\
PHKDQL]DFLMX JUDyHYLQVNHRMWMIRMHRHBUNRXLOSRWUHEQX ]D VDPRVWDOQR

UDGRYD L] SRGUXpMD KLGURWHKQLNH

8 VNORSX GUADYQLK SURJUD Rdiske 5H S XEek@iuN Hvodned) gospodarstva i
hidrotehnike, HIDROGRADNJA d.o.o. YHU SUHNR JRGLQD NRQWLQXLUDQR L XVSMH&EQR
radove na unutarnjim vodama, od kojih posebno izdvajamo:

usluge preventivne, redovne i izvanredne obrane od poplava, radove na L]JJUDGQML L XUHYHQMX XC
plovnih puteva ULMHND 6DYH 'UDYH L 'XQDYD pLalGHQNHI INGQM I/ HK LSCOURR\D IRK |
objekata za regulaciju vodotoka L ]|DaWLWX RG aWHWQRJ GMHORYDQMD YRG{peraREDOR X\
sl) KLGURWHKQLpPNULL UJGRNYEGQML FHVWRYQLK L &AHOMH]QLPNLK PRVWRYD ¢
YRGRWRNX ]DaAaWLWD REIDODDIG@®L OXN®DRE LA mo@rird Wievima (izmuljenje
akvatorija, izgradnja priveza, obala i sl.), L] JUDGQMD KLGURWHKQLpPpNLK RaEuhidcigWD X ]
JUDYLWDFLMVNH EUDQH QDVLSL ]D REUDQX RG SRSODWURMRMDONREQ MIDM I/ N\
vegetacije.

Sukladno Pravilniku o posadi plovila unutarnje plovidbe (NN 105/16) HIDROGRADNJA d.o.0. iz Osijeka je
RYODaAWHQR GUXaWYR ]D L]JREUD]JEX RG VWUDQH OL
LQIUDVWUXNWXUH NRMH RUJDQL]JLUD SULSUHPQH WHpL
zvanMD EURGDUDFD X XQXWDUQMRM SORYLGEL UDGL V
VWUXPpQRM L GRSXQVNRM RVSRVREOMHQRVWL ]D ]YDQI
Zapovjednik C, Mornar, Kormilar i strojar unutarnje plovidbe, Upravljanje
SORYLORP X] SRPRU DQKBUDD GLARWVRNOHIRQVNLP XUHYD
SORYQRP GL]DOLFRP 8SUDYOMDQMH SXWQLpPNLP SO
SRVWURMHQMHP 3RVHEDQ SURJUDP R SRVWXSFLPD X

HIDROGRADNJA d.o.o.
Hrvatske Republike 43
31 000 OSIJEK
Republika Hrvatska

Tel. +385 (0)31 202 724
Fax. +385 (0)31 202 725
hidrogradnja@hidrogradnija.hr
www.hidrogradnja.hr
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+DFKRY 4LURN DVRUWLPDQ LQVWUXPHQDWD L NHPLND
YRGH XpLQLRUBRE®M RIM G Q RVOVDXYLMAFRE LQIRUPDWLYQLN
UD]XPLMX 9D&H DSOLNDFLMH L RGOXpQL VX 9DP SRPRI
VSHFLILPQH SRWUHEH

2G QDaHJ RVQXWND YRGLOL VPR LQGXVWULMX X U
SRPRUL XpMWQWRH L SUHFL]QLMH XSUDYOMDWL YRGRP 'I
GLOMHP VYLMHWD L NRULVWH VH X UD]JOLpLWLP JUDQI
RWSDGQLK YRGD GR LOXVWULMD SUHUDGH KUDQH S
djelatnosti koja dodiruje vodu.

1Dab OLVLMD
Osigurati kvalitetu vode ljudima diljem svijeta.

1D&D 9L]LMD

Mi analize vode radimo boie EUAH MHGQRVWDYQLMH HNRORANL S
VXUDGQML V QHQDGPDAQLP SBMUWP®MDFDP R EWbI] FSYRPC
SURL]YRGD NRML VX MHGQRVWDYQL ]D NRULAWHQMH

Kontakt:

Hach Lange d.o.o.

Ivana Severa 20
9DUDAGLQ

Tel: 042 305 086
Email: info-hr@hach.com
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Agroproteinka d.d.
Strojarska cesta 11
10361 Sesvetski Kraljevec

01/2046776
info@agroproteinka.hr
www.agroproteinka.hr
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7TUJRYDpPNR GUXEQYRE RYRURVQRYDQR MH J ]D JUDVHQ

1DM]QDpDMQLMD SRGUXpMD GMHODWQRVWL VX
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